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General aspects of the anatomy of the ventral 
hypothalamus and the hypophysis 
The nucleus mfundibulans is the most mediobasal cell group in the tuber cine-
reum of the hypothalamus situated around the insertion of the hypophysis into the 
floor of the third ventricle (fig 1) From its anterior part a considerable number of 
nerve cells extends into the infundibulum, which represents the proximal part of the 
extrasellar neurohypophysis Because of this phenomenon, it is necessary to elucidate 
the morphology of both the basal hypothalamus and adjacent part of the hypophysis 
when one tries to describe the situation of the nucleus mfundibulans in relation to 
other structures in the tubero-infundibular region and to obtain comparable locations 
for the nuclear measurements 
The tuber cinereum is the ventral portion of the poorly myelinated part of the 
hypothalamus Thi > grey tuber protrudes at the base of the diencephalon into the cis-
terna interpeduncularis and extends between the chiasma opticum and tracti optici 
constituting its rostral and lateral boundaries (fig 1, 2) Caudally the tuber cinereum 
is limited by the corpora mamillana, which represent the richly myelinated part of the 
hypothalamus 
The hypophysis is attached to the hypothalamus just behind the chiasma opticum 
and its insertion is delineated macroscopically by the sulcus tubero mfundibulans {Spatz 
et al, 19/Í8) With reference to this groove a subdmsion of the outer surface can be 
made {Spalz et al, 1948, Chiirt, 1951) [1] A pars oralis tubens exists between the 
chiasma opticum and the anterior border of the hypothalamo hypophysial junction in 
most \ertebrates However, in the adult human brain this surface area is not present 
as the hypophysis inserts into the hypothalamus immediately behind the chiasma op-
ticum (fig 1) Therefore, Christ (1951) prefers the term sulcus mfundibulans to 
sulcus tubero mfundibulans to indicate that no tuberai tissue is to be found in front 
of this groove in the human hypothalamus According to Diepen (1962), a pars oralis 
tubens does occur during the embryonic period in man but disappears later on 
[2 ] The outer surface areas of the tuber unereum lateral to the sulcus mfundibulans 
up to the tracti optici are called partes paramfundibulares tubens (fig 2b d) which 
are relatively small in man [3] The pars caudalis tubens is situated between the 
posterior part of the sulcus mfundibulans and the anterior border of the corpora ma-
millana (fig 1, 2e, f) In comparison with lower vertebrates this area is very extensive 
in the human brain Two sagittal grooves are seen to traverse this caudal surface of 
the tuber cinereum They are not related to the infundibulum but give rise to other 
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F'El· ' tj^ ì-ìi regio oralis tuberis 
^ = i regio parainfundibularis tuberis 
|ί%] regio caudalis tuberis 
above the sulcus infundibulans: pituicyte-hke cells in the 
tuber cinereum (mixed hatchings) 
ШЛИ 
underneath the sulcus infundibulans: tuberai tissue in the 
infundibulum (single and mixed hatchings) 
Schematic drawing of a sagittal section through the hypothalamus and hypophysis 
near the median plane. The recessus infundibuli is surrounded by tuberai tissue con­
sisting of the wedge of nerve cells of the nucleus infundibularis (single hatching). 
A large part of this cell group extends into the regio caudalis tuberis. According to 
the findings of this study, the regio oralis tuberis also comprises a part of the anterior 
infundibular wall up to the proximal enlargement of the pars infundibularis adenohypo-
physeos (mixed hatching). The line through the posterior end of the sulcus infundi­
bularis and the commissura anterior separates regio parainfundibularis tuberis from 
regio caudalis tuberis. 
CA, commissura anterior; CHO, chiasma opticum; CM, corpus mamillare,- DM, 
nucleus dorsomediahs; F, fornix; FM, foramen Monroi; GSC, gyrus subcallosus; HB, 
hypophysial body; HS, hypophysial stalk; I, infundibulum; IS, infundibular stem; 
LA, anterior lobe; LI, intermediate lobe; LP, posterior lobe; LT, lamina terminalis; 
MI, massa intermedia; N1, nucleus infundibularis,- PC, pedunculus cerebri; PI, pars 
infundibularis; RI, recessus infundibuli,- RSO, recessus supraopticus; TC, tuber cine­
reum; VM, nucleus ventromedialis; si, sulcus infundibularis. 
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elevations The region between the two sulci is the emmentia postinfundibulans 
(Tilney, 19З6) or emmentia mechalis {Christ, 1951) This elevation is partly covered 
with a special layer rich in blood vessels and nerve fibers, the "neurovascular zone" 
of Green (1948), which is also found on the lateral and posterior surfaces of the in-
fundibulum Lateral to these sulci, the emmentiae laterales are observed caused, in 
man, by the strongly developed nuclei tubens laterales {Diepen, 1962) In fact these 
lateral elevations are continuous with the partes parainfundibulares tubens In what 
follows, the two sagittal grooves on the caudal tuberai surface will be referred to as 
"sulci postinfundibulares" 
In accordance with the subdivision of the outer surface, the interior of the tuber ci 
nereum can be divided into regio oralis tubens, regio paramiundibulans tubens and re 
gio caudalis tubens (fig 1 ) The first is a small region extending from the posterior wall 
of the chiasma opticum to the anterior part of a line ot demarcation in the ventricular 
lining characterized by the disappearance of the membrana limitans gliae interna and 
a concurrent change in ependymal cell type As has been indicated before, the external 
constituent of this region, the pars oralis tubens, cannot be identified as such in man 
The regio oralis tubens reaches the outer tuberai surface only in the anterior part of 
the sulcus infundibulans The regio caudalis tubens is the tuberai component situated 
above the pars caudalis tubens and is bounded posteriorly by the corpora mamillana 
Anteriorly, this region is ill-defined as only the external point of reference is given in 
the literature on this subject In this study, the region of the tuber cinereum behind 
the frontal plane through the commissura anterior and the posterior part of the sulcus 
infundibulans will be regarded as regio caudalis tubens The remaining tuberai region 
situated dorsal and lateral to the infundibulum is called regio parainfundibulans tube­
ns 
In man most hypothalamic cell groups occupy the caudal region of the tuber ci 
nereum in contrast to their mainly paramfundibular position in lower vertebrates 
{Chust, I95I) During the late foetal period, the centre of gravity of the entire cau­
dal brain mass moves towards a more basal position and exerts a negative pressure on 
the posterior hypothalamus which together with the influence from the strong outgrowth 
of the basal frontal cortex on the anterior hypothalamus, particularly above the chiasma 
opticum, explains the predominance of the regio caudalis tubens in man {Diepen, 
1962) Also a substantial part of the nucleus infundibulans extends caudally into this 
region The caudal part of this cell group was called subventncular nucleus by Sheehan 
and Kovács (1966) The developmental actions described also find an expression in 
the caudally shifted regio praeoptica and regio supraoptica {Diepen, 1962) There-
fore, the nuclei supraoptici and paraventnculares have a mainly supratuberal position 
in the human hypothalamus 
In the tuber cinereum one distinguishes between eel1 groups of a medial and a 
lateral field {Spatz et al, 1948, Chi ¡st, 1951, Diepen, 1962) The periventncularly 
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situated medial field is characterized by the smaller size and the more dense arrange 
ment of its nerve cells when compared with the lateral field and comprises the nucleus 
ventromedialis, nucleus dorsomedialis, nucleus infundibulans and area penventncula 
ns posterior The lateral field, in which the nucleus tuberomamillans and nuclei tu-
bens laterales are found, contains relatively more myelinated nerve fibers than the 
medial one The cell groups of the medial field are regarded as a "Ringsystem" 
(Oithner, 1955) with the infundibulum as its central point and the nucleus infundibu-
lans as its innermost ring The parvocellular nuclei in this field are often referred to 
as the "hypophysennahe" cell groups (Spatz, 1951) because of their close topogra-
phical relation to the hypophysis with which they appear, at least in part, to have a 
nerve fiber connection called tractus tubero hypephyseus terminating in the zona ex-
terna infundibuli (Rélhelyi and Halász 1970) and therefore also called tractus tu-
bero infundibulans (Szenlägothm et al 1968) By the "hypophysenferne" cell groups 
one understands the nuclei supraoptic! and paraventnculares The connection of these 
magnocellular nuclei with the posterior lobe of the hypophysis is clearly established, 
particularly since Baigmann (1949) applied Gomon s chrome alum haematoxyhn stain 
to visualize the neurosecretory material of the supraoptico hypophysial system In this 
study, the term neurosecretory material is used exclusively to indicate the substance 
produced by the nuclei supraoptici and paraventnculares, stainable with chrome alum-
haematoxylin and paraldehyde Fuchsin and showing the morphological characteristics 
of the "a substance" described by Lundbetg (1957) This substance very probably re-
presents the carrier-protein neurophysine, with which vasopressin and oxytocin are 
associated (Acher, 1958, Adami, 1965) 
In the region of the nucleus infundibulans the structure of the tuber cinereum 
has a different appearance The membrana limitaos gliae interna disappears over the 
ventricular surface of this cell group and the nerve cells are found here immediately 
underneath the ependymal cell layer (Cbuft, 1951, Nouakowski, 1951) The epen-
dyma in this area of the third ventricle changes In man, the ventricular lining in this 
area consists of cubical to flattened cells mostly without cilia In the floor of the ven-
tral recess of the third ventricle extending into the infundibulum, only flattened, 
strongly elongated ependymal cells occur (Schivmgk, 1966) From the lateral wall of 
the third ventricle over the nucleus infundibulans, ependymal fibers arise perpendicu-
larly and go right across this cell group proceeding to the outer surface of the infun-
dibulum, where they have foot like terminations (Maitmez, I960, Diepen, 1962, 
Анапа К 'mar and Knowles, 1967) This phenomenon is reminiscent of the primitive 
structure in the spinal cord of the embryo (Spnler, 1951) In the region of the nu­
cleus infundibulans the membrana limitans gliae externa is also partly lacking This 
membrane disappears near the insertion of the hypophysis into the hypothalamus 
Spatz (1951, 1955) applied this feature as a general characteristic to differentiate 
between tuber cinereum and infundibulum In the cat, this disappearance coincides, 
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with reasonable accuracy, with the sulcus tubero-infundibulans (Nowakowtki, 1951, 
Alartmez, I960) However, in man, Christ (1951) noticed the absence of this glial 
membrane over a considerable area in the regio caudalis tubens also 
Macroscopically, the hypophysis consists of a hypophysial body which is situated 
in the sella turcica, and a hypophysial stalk connecting the body with the tuber cine-
reum (fig 1) Relative to the distance to the hypothalamus, these two parts are re-
ferred to as distal and proximal hypophysis In man, the relatively long and ventro-
rostrally directed hypophysial stalk and its immediately retrochiasmatic attachment to 
the tuber cinereum are characteristic Therefore, the hypophysial body is found under-
neath the chiasma opticum instead of in a submamillary position as encountered in most 
lower mammals This situation, not met in phylogenetically more ancient mammals 
than the simiae and most prominent in man, is the result of passive caudal and upward 
movements of the hypothalamus during ontogenesis The movements are caused by 
the strong development of other parts of the brain while the hypophysial body re-
mains fixed in the sella turcica (Diepen, 1962) 
In the hypophysis an adenohypophysial and a neurohypophysial constituent are dis-
tinguished, each derived from a different ectodermal origin, respectively from surface 
and neural ectoderm The hypophysial body is composed of a pars distalis adenohypo-
physeos or anterior lobe, a pars intermedia adenohypophyseos or intermediate lobe and 
a pars distalis neurohypophyseos or postenor lobe (fig 1) In this study the term 
posterior or neural lobe is used synonymously with the term "Hinterlappen" in the 
German literature and does not include the intermediate lobe The neural part of the 
extrasellar hypophysis is called infundibulum or median eminence, which inserts into 
the tuber cinereum and is covered in man anteriorly by the pars infundibulans of the 
adenohypophysis (fig 1) In many lower mammals, this latter part is much more ex-
tensive and is also present on the lateral and posterior, or strictly speaking on the 
lateral and dorsal, surfaces of the infundibulum as the hypophysial stalk has a ventro-
caudal direction in most animals The contact between pars infundibulans and infun-
dibulum is the proximal adeno-neurohypophysial contact area which is constantly 
present in mammals, in contrast to the distal adeno neurohypophysial contact area 
between the intermediate and posterior lobe which is lacking m several mammals and 
birds (Spatz et al, 1948, Spatz, 1951, 1955, Diepen 1962) The neural lobe is con-
nected with the infundibulum by an intermediate portion ("Zwischenstuck" of Nowa-
koutki, 1951) which is called the infundibular stem (fig 1) The latter, together 
with the infundibulum and its adenohypophysial lining, constitute the proximal hypo-
physis or hypophysial stalk The pars infundibulans in the human does not extend up 
to the sulcus infundibulans but ends somewhat more distally as a terminal enlargement 
The ventral recess of the third ventricle, the recessus infundibuli, occupies the 
proximal part of the human infundibulum which therefore is called pars cava infun-
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dibuli {Romen, 1940) The remaining distal part of the infundibulum is the pars 
compacta infundibuli In this study, the pars cava mfundibuli is of most interest as a 
wedge of nerve cells from the nucleus infundibulans extends into this part of the in­
fundibulum Owing to the presence of the recessus infundibuli, the infundibulum can 
be regarded as made up from anterior, lateral and posterior walls (Maithiez I960) 
The infundibular walls of mammals, up to the lower primates, have a typical two-
zonal structure comprising the zona interna and externa infundibuli (Diepen, 1962) 
This structure was extensively studied in the cat by Nouakouiki (1951) who distin­
guished a central and a peripheral zone, and by Ліаі/гпег (I960) who mentioned a 
structural plan consisting from the inside outwards of the zona ependymahs, the zona 
fibnllans and the zona palisadica while in the ventral wall still a fourth zone occurs, 
the zona granulosa The zona interna, separated from the recessus infundibuli b) the 
zona ependymahs, is rich in a special type of neuroglia, the pituicytes (Romeis 1940), 
and is traversed by the neurosecretory fibers from the nuclei supraoptic! and paraven-
triculares on their way to the posterior lobe These fibers run parallel to the mam axis 
of the infundibulum The zona externa contains only few pituicytes in most mammals 
but is rich in fine nerve fibers of the tractus tubero hypophyseus, in ependymal fibers 
and in blood vessels Near the insertion area of the infundibulum a different structure 
is seen because of the presence of the wedge of nerve cells of the nucleus infundibu­
lans This wedge is situated between the neurosecretory fibers and the zona externa 
on the outside and the zona ependymahs on the ventricular side The infundibular 
region abutting on this wedge and covered on the outer surface with the pars infundibu­
lans of the adenohypophysis, just like the more distal part of the infundibulum, is called 
radix infundibuli in the cat (Nowakowtki, 1951) In man, this term includes the 
part of the infundibulum separated from the recessus infundibuli by the wedge of 
nerve cells and a caudal extension of the infundibulum m the eminentia postinfundi-
bulans adjacent to the neurovascular zone of Green (Chusl, 1951) Chun (1951) 
regards this close attachment ("Verzahnung") of infundibulum and tuber cinereum 
as an indication in favour of a functional relationship between these two structures 
The blood vessels in the zona externa are called capillary loops (Green and Har­
ns, 1947) or special vessels ("Spezialgefasse" of Nouakou tki, 1951 and Spatz, 1951) 
They originate from an extensive capillary network, the mantle plexus ("Mantel-
plexus" of Romets, 1940), covering the outer surface of the infundibulum This ca­
pillary plexus is situated between the two constituents of the proximal adeno neuro­
hypophysial contact area, ι e the pars infundibulans of the adenohypophysis and the 
infundibulum The densely packed vessels of the mantle plexus are a condensation of 
the inner capillary network of the pars infundibulans Also in man, as originally descri­
bed by Romen (1940), this plexus is present but in this species the proximal adeno neu­
rohypophysial contact area is largely incomplete because the pars infundibulans occurs 
only on the anterior surface of the infundibulum Green (1948) called the vascular 
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layer on the lateral and posterior infundibular surface areas the neurovascular zone. 
This zone is continuous with the pars infundibularis and in fact it belongs to the man-
tle plexus. Caudally, the neurovascular zone extends over the caudal tuberai surface, 
often almost to the corpora mamillaria. It consists of many blood vessels, of nerve 
fibers and of connective tissue and regularly contains islands of adenohypophysial cells. 
The special vessels penetrating the infundibulum comprise efferent and afferent 
components. From the arteriae hypophyseos superiores the arterial blood reaches the 
infundibulum via the arteriae infundibulares which split up partly in the pars infundi-
bularis and partly in the infundibulum. These vessels form the upper part of the primary 
plexus of the hypophysial portal system, situated at the level of the infundibulum 
("upper infundibular stem" of Xiiereb et al., 1954a, b) . In man, a branch of each arte-
ria hypophyseos superior, the so-called artery of the trabecula, runs down and anasto-
moses with a branch of the arteria hypophyseos inferior with which it forms the lower 
part of the primary plexus of the hypophysial portal system. This part of the plexus 
is situated at the level of the infundibular stem ("lower infundibular stem" of Xuereb 
et al., 1954a, b ) . Via the afferent capillaries of the special vessels in the upper primary 
capillary network the blood again reaches the mantle plexus and is drained by the so-
called long portal vessels, which descend parallel to the long axis of the hypophysial 
stalk towards the anterior lobe. Here they split up into the sinusoids of the secondary 
capillary network of the hypophysial portal system. The lower primary plexus is drai-
ned towards the anterior lobe by the so-called short portal vessels (Xuereb et al., 1954a, 
b) . The direction of the blood flow in the portal vessels from the infundibulum towards 
the anterior lobe has been clearly established by microscopic observation of these ves-
sels in the living animal (Green and Harris, 1949). However, Török (1964) dis-
covered in the interior of infundibulum and infundibular stem a subependymal plexus 
originating from the special vessels and observed ш vivo an upward direction of the 
blood flow from this plexus towards the subependymal capillary network of the hypo­
thalamus situated at the level of the nucleus infundibularis. The findings of Duvernoy 
(1972) in several mammals, including man, indicate that there are numerous anasto­
moses of the primary plexus of the hypophysial portal system with the tuberai vessels 
both by ascending and descending connections. According to this author, the primary 
plexus anastomoses also with the vessels of the posterior lobe by an extension of the 
mantle plexus which can be traced along the infundibular stem to the posterior lobe. 
Szentágothai et al. (1968) state that the circulation of the hypothalamo-hypophysial 
complex is rather complicated and that, besides the ordinary blood flow from the pars 
infundibularis over the special vessels of the infundibulum and the portal vessels to 
the sinusoids of the anterior lobe, other routes of blood flow may be of functional sig-
nificance. A drainage towards the hypothalamic capillary network supports the idea 
of a so-called direct or internal feedback mechanism, i.e. feedback of adenohypophy-
sial hormones on the hypothalamus. 
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In accordance with their degree of penetration in the infundibulum, the blood 
vessels are divided into short and long special vessels While the former do not go 
beyond the zona externa, the long special vessels travel in the zona interna but are 
surrounded by a perivascular sheath which is structurally similar to the zona externa 
This deep penetration of special vessels and their cover of zona externa tissue into the 
infundibulum is called "internation" ("Nachinnenverlagerung" of Diepen, 1962) or 
"transformation" (Hewtrom, IÇW) of the zona externa In mammals this internation 
is stronger the higher the mammalian group to which the species belongs {Hamliom, 
1953) The linear adeno neurohypophysial contact area of lower vertebrates, also 
described in the early ontogenesis of higher mammals and man, is regarded as a "pri-
mitive" situation On the other hand, the internation of the zona externa seems to in-
dicate an increase in the differentiation of the primary plexus of the hypophysial portal 
system (Hanstwm, 1953, Diepen 1962) giving an enlargement of the adeno neuro 
hypophysial contact area (Nouabotifk/ 1951, Spatz, 1951) The internation is most 
pronounced m higher primates, especially in man In the human infundibulum a two-
zonal structure can hardly be found In the zona interna not all capillaries are covered 
with a perivascular sheath of zona externa tissue D/epen (1962) suggested that besi 
des these special vessels at which a neurovascular transmission of substances is assumed 
to take place, other vessels may occur e g with a nutritive function It is obvious that 
in man a complicated structural plan of the infundibulum occurs and that in this plan 
the position of the two zones fits in only very little with the topographical meaning 
of their names in lower mammals 
From a functional point of view the connections of the hypothalamus with the 
adenohypophysis and neurohypophysis are of particular interest The tractus supraoptico-
hypophyseus, connecting the nuclei supraoptici and paraventriculares with the posterior 
lobe of the hypophysis, has been clearly demonstrated In the connection between hy-
pothalamus and adenohypophysis a neural component, the tractus tubero-hypophyseus 
originating in the mediobasal tuber cinereum, and a vascular component, the hypophy-
sial portal circulation, are involved The neural component seems to be responsible for 
the production of substances which regulate the adenohypophysial function and for 
their transport to the site of neurovascular transmission in the infundibulum from 
where they reach the anterior lobe via the portal vessels 
The described general and developmental aspects of the morphology of the hypo-
thalamo-hypophysial region may be helpful in understanding the topographical relati-
ons in this region of the human brain and serve as a framework for the topography 
and terminology applied in this study For extensive information on the anatomy of 
the hypothalamus and hypophysis with special regard to man the works of Romen 
(1940), Christ (1951), Diepen (1962) and Haymaket et al (1969) are relevant 
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Introduction 
The concept of hypothalamic control of the adenohypophysis (Harri i, 1948a, 
195?) via the neurovascular link between the neurohypophysis or infundibulum and 
the anterior lobe (Green and Hnins, 1947) has been studied extensively, resulting in 
a vast amount of evidence in support of a neurohormonal (Schauer, 1969) system of 
control over the adenohypophysis. This neurovascular link appears to be present in the 
majority of vertebrates, including man (Green, 1948, 1951, 1966; Asrenmacber and 
Tixier-Vidal, 1964). 
Interference with the vascular component of this system indicated the functional 
dependence of the anterior lobe on the hypophysial portal circulation (Hams, 1950, 
1955; Harrif and Jacobwhn, 1952; de Giool. 1952; Astenn/acher and Benoit, 1953; 
Halaìz et al., 1963). Such experiments demonstrated a blood-borne transmission of hy-
pothalamic stimuli, the so-called hypophysiotrophic neurohormones or regulating fac-
tors. These neurohormones consist of releasing (RF) and inhibiting (IF) factors for 
the adenohypophysial hormones. Hypothalamic extracts and highly purified substances 
have been shown to exert a stimulatory or inhibitory action on the hormonal release 
of the adenohypophysis (McCann and Porter, 1969), also in man (Schally and KaUin, 
1969; Blobel et al., 1971). The hypophysiotrophic substances appear to be small pep-
tides, tripeptides in the case of TSH-RF, MSH-RF and maybe LH-RF, and decapep-
tides in the case of GH-RF and LH-RF (Boler et al., 1969; BurgnÍ et al., 1969; 
Amou et al., 1971; Fawcett and McCann. 1971; Gutllemin, 1971; Schally et al., 
1971). The hormonal mode of transmission is emphasized by experiments involving 
perfusion of the anterior lobe, by means of a cannulated portal vessel, with solutions 
containing hypothalamic extracts, purified or synthetic TSH-RF or with plasma collec-
ted from the hypophysial stalk of donor rats (Porter et al., 1972). 
The regulatory role of the hypothalamus over the adenohypophysis is evident 
from a variety of experimental approaches interfering with hypothalamic functions 
either directly or via the hypophysis, the target organs or the feedback mechanisms 
(Biirlan/ente el al., 1942; Harm. 1948b, 1955; Boi/man et al., 1957; Gaaremtroom 
et al., I960; Auenmacher, 1963; de Wied et al., 1964; Hani* and Donovan, 1966; 
Martini and Ganong, 1967; Szentágothai et al., 1968; Everett, 1969; Haymaker et al., 
1969; Ganong and Martini. 1969; Fleikó, 1971; Knigge et al., 1972, and many 
others). The existence of this regulatory function also finds support in studies on chan-
ges in hypothalamic structures in relation to physiological phenomena such as the 
sexual cycle and pregnancy (Herd, 1952, 1955; Ifjt, 1962; Cross and Silver, 1966; 
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Fuxe et al, 1967, 1969a, b , Smollich, 1968, Zambiano, 1969, Hokfell and f нхе, 1972 , 
Ok\che et al 1972) In man, there are several indications of hypothalamic involve­
ment in the regulation of the adenohypophysis particularly in relation to gonadotrophic 
functions Most information originates from pathologic processes in the hypothalamus, 
mainly tumorous lesions {Weinbeige> and Giant, 1941, de Lange 1943, Bauet, 1954, 
1959, Money, 1954, Selenkow et al, 1959, Blench, 1967, 1968, 1971, fellmgei et 
al, 1971) Also in other endocrine disorders hypothalamic dysfunction is likely to play 
a causal role eg the reported hypoplasia of the hypothalamus in olfactory-genital 
dysplasia {de Moniet, 1955, Gauthier, I960, de Gennet et al, 1970) Morpho-
metric studies in the human mediobasal tuber cinereum (Sheehan and Kovácf, 1966, 
Sbeebm, 1971, Hommet, 1972) and stereotaxic destruction of tuberai nuclei (Oith-
ner et al 1969, Roedei et al, 1971) emphasize the significance of the hypothalamus 
in the regulation of sexual function and behaviour 
Of particular interest in the investigation of the hypothalamo hypophysial system 
is the question, which hypothalamic elements constitute the neural part of the final 
common path {Schauet, 1965) to the gland by the production of neurohormones 
Halátz et al (1962, 1965) and Flamend-Dniaiid (1965) demonstrated that trans-
plants of adenohypophysial tissue into different regions of the hypothalamus maintain 
a normal structure and a trophic hormone secretion comparable with that of the hypo-
physis of a normal rat, only if they are located within a certain area in the mediobasal 
hypothalamus, therefore called the "hypophysiotrophic area" This area comprises the 
entire nucleus infundibulans and infundibulum, the ventral part of the nucleus pen-
ventriculans anterior up to or slightly above the ventral surface of the nucleus paraven-
tnculans, the basal part of the nucleus ventromedial is and the medial part of the re-
trochiasmatic region Deafferentiation of the hypophysiotrophic area showed its capaci-
ty of independent functioning as regards the production and release of the substances 
regulating the adenohypophysis (Halátz and Pupp, 1965 , Halász et al, 19б7а, b , На-
látz, 1969, Butler and Donoiati 1971) This area appears to represent a separate level 
of hypothalamic control of the gland, responsive to hormonal feedback from the target 
organs {Ltrk, I960, Davidson, 1969, Böhm and Stratbimtrov, 1970, Patteel· and 
Ector1:, 1971) and from the adenohypophysis {Motta et al, 1969), sufficient to main-
tain a basic level of adenohypophysial functioning {Szentágothai et al, 1968) Within 
the hypophysiotrophic area the various releasing factors seem to have a different loca-
tion of their sites of production {Mew et al, 1967, Flamend Durand, 1969, Motta et 
al, 1971, Krulich et al, 1971) This area in the mediobasal hypothalamus is regulated 
by other hypothalamic and extrahypothalamic structures {de Groot, 1967 , Szentágothai 
et al, 1968, Koves and Halátz, 1970) which have afferent connections with the hypo 
physiotrophic area, mainly via the medial hypothalamus, / e the nucleus ventromediahs 
and the area periventriculans {Lammers, 1969) 
In man, lesions in the floor of the third ventricle give rise to more hypothalamic-
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linked symptomatology than lesions in the ventricular walls or roof (Bauet, 1954) 
In the majority of cases with hypothalamic pathology, Bauer (1954, 1959) found 
modification of sexual function and development to be the most frequent endocrine 
symptom and the most frequent first manifestation The hypophyses were reported 
to have a normal appearance in most cases which was confirmed microscopically An 
interesting finding was the predominant location of the lesion in the tubero-infundi-
bular region of the hypothalamus in case of hypogonadism The lesion was predomi 
nantly found in the posterior hypothalamus, not necessarily involving the corpora mamil-
lana, in case of precocious puberty In conformity with the findings of Bauer, all four 
cases described by Puck (1956) with tumors in, or processes exerting pressure on, the 
parvocellular medial area of the tuber cinereum proximate to the hypophysis showed 
hypogonadism or retardation in sexual development According to Btench (1967, 
1971), the cerebral lesions causing precocious puberty, except the pinealoma, are situ-
ated in the posterior hypothalamus The disorder is regarded nowadays as being due to 
the destruction of a hypothalamic structure which exerts an inhibitory influence on the 
hypophysiotrophic area (Biench, 1971), more specifically, the site of production of 
the gonadotrophic releasing factors, ; e the "Sexualzentrum" (Hobln eg and ]//nk-
mann, 1932) as defined by Spatz et al (1948) or part of it Prick (1956) already em 
phasized that the intactness of this parvocellular medial area of the tuber cinereum 
proximate to the hypophysis is essential for a normal regulation of the gonadal gland 
function Though in female animals lesions in the posterior hypothalamus can induce 
precocious puberty (Gaupp, 1950, Gelleit and Ganong, I960), most studies report 
this phenomenon after anterior hypothalamic lesions (Donovan and van dei Weijj 
ten Bosch, 1956, 1959, Donovan, 1966), which recently also proved to be effective in 
advancing spermatogenesis and testosterone production in ferrets (Goldjoot and Baum, 
1971) Another, less frequent cause of precocious puberty in man is the hyperplastic 
malformation ("hyperplastische Missbildung" of Drtggï and Spatz, 1939, Bronstem 
et al, 1942, Lange-Comck, 1951) or hamartoma (Schmidt et al, 1958, Bierich, 1967, 
1968, 1971) of the tuber cinereum, which usually is of a small size, except the case 
described by Lange-Cosack (1951), varying from a cherrystone to a cherry It is 
attached to the floor of the third ventricle and extends into the cisterna interpeduncu 
lans Histologically its cells correspond to those of the tuberai parvocellular nuclei The 
increase of these small cells is considered to result in an hyperfunction of the sexual 
centre, thus inducing precocious puberty The advancement of puberty in the case of 
an hamartoma is very probably a consequence of an increased production of gonado-
trophic releasing factors as substantiated by the demonstration of an increased secre-
tion of gonadotrophins and a strongly elevated LH RF content of the cerebrospinal 
fluid (Biertch, 1971) However as indicated by Prick (1956), a neural sensibilisation 
of the gonads may be essential in the excitation of these organs by gonadotrophins 
The existence of such a neural connection is suggested by the observation of unilateral 
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testicular atrophy in some cases of animals with hypothalamic lesions but this relation 
could not be asserted with certainty (Szenlágotha/ el al, 1968) 
After the menopause Sheeban and Κονάα (1966) observed a cellular hypertro­
phy of the subventncular nucleus This was confirmed by Hommet (1972) who de­
monstrated a strong increase of the nuclear size in women starting at about 45 years 
of age Shortly after hypophysectomy, Hor/wief (1972) found a significant decrease 
in nuclear size and in length of the nucleus infundibulans complex and an increase of 
the difference in cellular density between the anterior and posterior part of the cell 
group With increasing survival time after hypophysectomy (up to 8 years) these va­
riables showed a change, probably in the direction of normal values as a hypertrophy 
did not occur In two-thirds of the individuals who survived postpartum hypopitui­
tarism for 5 to 30 years, Sheehan (1971) noticed a hypertrophy of the subventncular 
nucleus proportionate to the degree of atrophy of the uterus (weight) 
A basic problem in the interpretation of changes in the hypothalamus and in the 
understanding of the different effects of hypothalamic lesions is that the course of the 
tractus tubero-hypophyseus and its origin, the hypophysiotrophic area, as well as the 
location and functional significance of superposed centres regulating this area, are not 
entirely elucidated Regarding the hypothalamo hypophysial connection Spatz (1951) 
emphasized the existence of two separate fiber tracts, the tractus supraoptico-hypophy-
seus originating from the magnocellular neurosecretory nuclei and descending to the 
posterior lobe, and the tractus tubero-hypophyseus terminating at the proximal adeno-
neurohypophysial contact area Most earlier investigators, applying neurofibrillar im­
pregnation techniques, agree that at least the nucleus infundibulans contributes signi­
ficantly to the tractus tubero-hypophyseus (Nouakou ikt 1951, Spatz, 1951, Aiarti-
nez, I960), also in the human hypothalamus (Chi ι ft, 1951) According to Szentágo-
that el al ( I968) , using the Golgi technique, this tract, which they called tractus tube-
ro-infundibulans, arises from the small nerve cells surrounding the ventral part of the 
third ventricle with the nucleus infundibulans as the principle cell group of origin 
(see also Lejianc, 1965 and Akmayev, 1969) Rêthelyt and Haláiz (1970) deter-
mined the smallest region of the hypothalamus, which when disconnected from the 
rest of the brain, did not result in terminal degeneration in the zona externa infundibuli 
and confirmed the findings of Szentagotba! that the tractus tubero-infundibulans origi-
nates from the nucleus infundibulans and the ventral part of the nucleus penventncula-
ns anterior This hypothalamic region, topographically, fits in well with the location and 
extent of the hypophysiotrophic area By the histochemical technique for monoamines 
of Falck-Hillarp it was demonstrated in animals that the tractus tubero-hypophyseus 
comprises a monoaminergit component to which monoamine-containing nerve cells of 
the nucleus infundibulans contribute (Fuxe, 1964, Faxe and Hokjelt 1966, Lichten-
steiger and Langemann, 1966, Odake 1 967 , Oehmke el al, 1969) Though in several 
animals the monoamine terminals in the zona externa are mainly dopaminergic, e g in 
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the cat a considerable amount of noradrenaline also occurs {B^orklund and Falck, 1969) 
Bjoikl/tnd et al (1970) studied the origin of this monoaminergic fiber system by ma-
king small lesions in the hypothalamus of the rat and found a large group of dopami-
nergic axons originating from cells in the nucleus intundibulans and the ventral part of 
the nucleus penventriculans anterior which is in agreement with the observations of 
Szenlágolhm et al. (1968) and of Réthelyt and H^á<z (1970) The dopaminergic 
terminals occur both in the zona externa and interna Bjoiklnmf el al. (1970) also 
found a few smaller groups of monoaminergic axons and one large group of nora-
drenergic axons arising from areas outside the mediobasal tuber cmereum, possibly 
from the regio suprachiasmatica, which contributes significantly to the terminals in 
the zona externa (Réthelyi and Halász, 1970) The group of noradrenergic tubero-
hypophysial axons also appears to provide an innervation of the neuro-intermediate 
lobe Besides the monoaminergic terminals in the infundibulum, there is, according to 
Smelik (1966), a dopaminergic innervation cf the intermediate lobe of the hypophy-
sis. 
The dopaminergic tubero-infundibular system participates in the neuroendocrine 
regulation of the adenohypophysis (Fnxe and Hokjell, 1969; Hokjelt and F/txe, 
1972) Recently, a functional significance of this tract in gonadal regulation became 
very likely (Ьнхе et al, 1967, 1969а, b ; Hyyppa, 1969, Lichtensteiger, 1967, 1969; 
Abrén et al., 1971, Hyyppa and Rinne, 1971, Hokfelt and Ftixe, 1972) Ftixe and 
Hokfelt (1969) advanced the hypothesis that, dopamine boutons establish axo-axonic 
contacts m the infundibulum and may influence the release of the regulating factors 
by means of a depolarizing action on the cell membrane of nerve terminals containing 
FSH-RF and LH-RF and possibly abo on P-IF containing terminals The important 
role of dopamine in the release of gonadotrophin- and prolactin-regulating factors 
appeared from studies involving the intraventricular injection of this neurotransmittor 
(Kambeit et al, 1969, 1970a, b . Schneidet and MiCann, 1970; McCann et al, 1972; 
Partei et al, 1972). But noradrenaline is also relevant to the release mechanism as it 
proved to be effective in triggering an ovulatory surge of hypophysial LH secretion 
after intraventricular application (Rubimtem and Sawyer, 1970, Werner et al, 1972) 
Besides eventual neural pathways to the primary plexus of the hypophysial portal 
system, Lofgren (1959, I960) postulated a hypothalamic regulation of the adenohypo-
physis via the cerebrospinal fluid and a glial-vascular chain represented by special 
ependymal cells which extend from the wall of the recessus infundibuli to the proxi-
mal adeno-neurohypophysial contact area These ependymal elements, which also occur 
in another circumventncular organ, the Organum vasculosum of the lamina termi-
nahs (Weindl and Joynt, 1972), differ in several aspects from the usual ependyma, 
e g by the absence of cilia, a different enzymatic pattern and the presence of a long 
basal process on many of these cells, which are called tanycytes (stretch cells) in the 
German literature These latter resemble embryonic ependymal cells (Spider, 1951; 
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Knowles, 1969) The ependymal processes or fibers, already described in man by 
Romen (1940), not only connect the cerebrospinal fluid with the vessels of the prima-
ry plexus of the hypophysial portal system (Lofgreti, 1959, I960, Rinne, 1966, 
Anand Kumar and Knoules, 1967, Wittkowski, 1967 a, b , Knoules and Anand Ku-
mar, 1969, Rodriguez, 1972) but also with capillaries and nerve cells of various hypo-
thalamic cell groups (Bietet, 1972), with terminals of the tractus tubero hypophyseus 
{Wittkowski, 1968) and with adenohypophysial cells of the pars infundibulans 
(Anand Kumar and Knowles, 1967, Knoules and Anand Kumar, 1969) The special 
ependymal cells of the glandular type secrete into the ventricular lumen (Leveque and 
Hof kin, I96I, 1962, Leveque et al, 1967, Knowles, 1969, Kobayasht and Matsui, 
1969, Leonhardt, 1969, Wittkowski, 1969) and maybe also into the capillaries of the 
primary plexus of the portal system (Kmgge and Scott, 1970, Kobayashi et al, 1970, 
Kendall et al, 1972) There is evidence that the median eminence has a strong uptake 
and transport capacity {Kmgge and Siltetman, 1972, Stlveiman el al, 1972) In this 
mechanism, the ependyma is likely to constitute a functional link between the cere-
brospinal fluid and the hypophysial portal system in the regulation of the adenohypo-
physis by taking part in the delivery of hypophysiotrophic or other substances and/or 
in the feedback systems This link seems to absorb substances such as target gland hor-
mones, hypophysiotrophins, amino acids and maybe monoamines, and to transport 
them in the basal ependymal processes from where they can act at the level of the me 
dian eminence or reach and influence the adenohypophysis (Anand Kumar and 
Knowlet, 1967, Kmgge and Stolt, 1970, Kobayashi et al, 1970, Kendall et al, 
1972, Kobayashi, 1972) There are also indications that this link takes up substances 
from the portal system (Wittkowski 1967a) and concentrates them in the median 
eminence or transports them to the third ventricle (Kmgge and Silverman, 1972, 
Leonhardt and Ebeihardt, 1972) According to Rodriguez (1972), the transport of 
monoamines by these ependymal cells may be related to the effects on the release of 
hypophysiotrophins observed after intraventricular injections of these amines (McCann 
et al, 1972, Portet el al, 1972, Weiner et al, 1972) However, Weindl and foynt 
(1972) state that all substances in the cerebrospinal fluid are in free exchange with the 
extracellular fluid in the intercellular clefts surrounding the neurons of the nucleus 
infundibulans and an interaction is not necessarily mediated by the special ependyma 
of the med'an eminence Regarding the transependymal transport of hypophysiotro-
phins (Knowles, 1969, Kmgge and Scott, 1970), the physiological significance of 
such a mechanism is unlikely at present in the case of LH RF ( Werner et al, 1971 ) and 
of TSH RF (Kendall et al, 1972) Nevertheless, several studies indicate that the epen 
dyma of the recessus infundibuli and the medial prechiasmatic area is involved in the 
regulation of the adenohypophysis, in particular of its sexual functions (Hagedoom 
1965, Anand Kumar and Knoules, 1967, Anand Kumar, 1968, Knowles and Anand 
Kumar, 1969, Kobayashi and Matsui, 1969, Kobayashi et al, 1970, Leveque, 1972) 
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In view of the functioning of the ependymal link between the cerebrospinal fluid and 
the primary plexus of the hypophysial portal system, the absence of the blood brain 
barrier at the level of the infundibulum (Wirfock/ and King, 1936, Leonhardt and 
Eberhardt, 1972) and of the cerebrospinal fluid brain barrier (Rodilguez 1972, 
Weindl and ]oynt, 1972) over the region of the nucleus mfundibulans seems to be 
relevant 
Except for the excellent anatomical descriptions of Roviets (1940) and Cbisl 
(1951) on the hypophysis and hypothalamus, the literature on the morphology of 
brain endocrine interaction in man largely consists of studies on pathologic processes 
in the brain In animals, morphometnc, mainly karyometnc, studies revealed differen-
tial changes in the hypothalamic cell groups in relation to experimentally induced al-
terations in endocrine states e g by extirpation of target organs or by administration 
of target gland hormones (Halász and Szenlágothai, 1959, Меи and Kittas, 1959, 
Docke and Smolhcb, 1968, Dorner and Staudt, 1968, Smollich, 1969, Okuhe et al, 
1972), as well as in relation to physiological phenomena such as sexual differences 
{Docke and Koloczek, 1966, Smollich, 1969), puberty {Lutz, 1965) and the dyna­
mics of the sexual cycle (Hertl, 1952, 1955, Smollich, 1968, Oksche et al, 1972) 
Recently, morphometnc studies with regard to endocrine states were performed in the 
human hypothalamus Sheehan and Kovács (1966) and Hommei (1972) demonstrated 
by measuring cellular and nuclear size that changes in the nucleus mfundibulans are 
strongly correlated with endocrine phenomena The forementioned findings on the 
human hypothalamus are indicative of an essential role played by the floor of the third 
ventricle in the regulation of gonadal function via the adenohypophysis As will be seen, 
this region of the hypothalamus is occupied for the greater part by the nucleus infun 
dibulans in man In view of the observations from animal experiments and human 
pathology, this region is likely to be sensitive to hormonal feedback and/or to be the 
site of production of hypophysiotrophic substances It is assumed that changes in hor 
monal activity, such as are known to take place during puberty and menopause, are in 
duced by or affect the nucleus mfundibulans To support this view by extending the 
studies of Sheehan and Kovács (1966), Sheehan (1967, 1971) and Hommes (1972), 
it has been investigated in this study by means of karyometnes whether puberty and 
menopause have a morphologically detectable correlative m this cell group 
According to CbnU (1951), fine nerve fibers from cells of the nucleus mfundi-
bulans are directed towards the infundibulum, which they enter caudal to the recessus 
infundibuli As mentioned before, the tractus tubero-hypophyseus in animals compri 
ses a monoammergic component In this study it is examined whether a similar situation 
occurs in the human hypothalamus and, if possible, which cell groups are involved Such 
a monoammergic tubero-inf undibular system is of interest as the effects observed in man 
after administration of reserpine {Rabinowttz and Fuedman, 1961) and L-dopa 
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{Kleinberg et al, 1971) on prolactin secretion and of L dopa on growth hormone se 
cretion (Bo)il et al 1971, Eddy et al, 1971) are most probably mediated by the hy 
pothalamus in view of comparable phenomena in the rat {Kambert el al 1970b, 
Hokfelt and Fitxe, 1972, AUCann et al, 1972, Porter et al, 1972) The location of 
the monoaminergic component of the tubero-infundibular system is compared with 
the course of hypothalamo-hypophysial fiber tracts in Bodian preparations and with 
that of the tractus supraoptico hypophyseus stained for neurosecretory material 
In view of the possible role of the ependymal link between the wall of the re 
cessus infundibuh and the primary plexus of the hypophysial portal system, attention 
is paid to the ependymal elements as well as to the glial structures, the membrana limi 
tans gliae interna and externa, in the human hypothalamus For the absence of these 
glial membranes, which topographically coincides with a different behaviour of the 
blood-brain and cerebrospinal fluid brain barriers, might be of importance in the vas 
cular-cerebrospinal fluid chain at the infundibular level 
The findings in this study made it necessary to re-evaluate the structure and topo 
graphical relations in the tubero-infundibular region of the hypothalamus which there-
fore are firstly described and include the observations on the ependymal elements and 
the hypothalamo hypophysial connections 
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Material, Techniques and Methods 
Mateiid The material consisted of 78 human hypothalami (table IX and X) 
The specimens were selected in such a way that no gross pathology was to be expected 
m the hypothalamus as judged by the neurologist and neuropathologist from the cli­
nical history and the postmortem macroscopical and microscopical examination report 
The material comprised a range of age from 0 days to 90 years The age distribution 
was practically equal for both sexes The range was composed of a group from 0 days 
to 34 years, which contained most elements as these ages were of primary interest in 
this study, and two smaller groups of 52 to 63 years and of 78 to 90 years 
Histologic prepatal/on. For the histologic and karyometnc investigations 61 hy­
pothalami were dissected from cerebra obtained at routine autopsies which were per­
formed after a variable length of time, usually within 24 hours post mortem The hy­
pophysial stalk was generally cut below pars cava mfundibuli As fixative 4 % formalde­
hyde was used, except for 11 cases of an early age which were fixed in Bourn's fluid 
The dissected part of the diencephalon comprised the main part of the tuber cine-
reum, often the regio suprachiasmatica and always the commissura anterior which ser­
ved as a point of reference for the subdivision of the tuber cinercum and to define 
the plane of section The tissue blocks were embedded in paraffin Most specimens 
were sectioned at 20 μΐη thickness and the rest at 10 μπ\ thickness The plane of sec­
tion approximated the frontal plane through the commissura anterior and the posterior 
margin of the sulcus infundibulans At 200 μΐη intervals three successive sections were 
stained severally with haematoxyhn-eosin, cresyl violet for NissI substance and pa­
raldehyde fuchsin By paraldehyde fuchsm, preceded by acid permanganate oxidation, 
the neurosecretory material of the tractus supraoptico-hypophyseus is stained {Daw­
son, 1953) However, this technique is not specific as it also stains elastic fibers {Go­
nion, 1950), hpofuscin and pituitary pigments, and other substances The staining pro­
cedure was carried out according to Landing el al (1956) The differentiation on 
mcrphclcgical grounds between neurosecretory material and intracellular paraldehyde 
fuchsin-poritive pigments was tested by staining some sections with periodic acid 
Schiff, Sudan black and Ziehl-Neelsen and by mounting unstained sections for fluo­
rescence microscopy (Lundbeig, 1957, Adams, 1965 pp 303-309) For nerve fibers, 
Bodian's protargol technique was used in several hypothalami In a few series Holzer's 
stain, Heidenhain s azocarmine-anilme blue, Mallory s phosphoturgstic acid haema-
toxylin, Goldner's modification of Masson's tnehrems stain and silver impregnations 
according to Gomon and Laguesse were employed for neuroglia, including the glial 
17 
elements of the hypophysis, and connective tissue (Romen, 1940 pp 393 430, 457-
460, 1965, McMatiut and Mouiy, I960, Schillings and de Haan, 1964) 
Histochemistry For the histochemical demonstration of monoamines 17 human 
hypothalami were treated according to the fluorescence technique of Falck-Hillarp 
(Falck and Owman, 1965, Eranko, 1967, Fuxe et al, 1970) By this technique ga­
seous formaldehyde reacts with catecholamines, 5-hydroxytryptamine and their precur­
sors, resulting in the formation of a non fluorescent isoqumoline or isocarboline deri­
vative which becomes spontaneously dehydrogenated into an intensely fluorescent 
compound (Corrodi and fonnon, 1967) To obtain optimal results fresh frozen tissue 
is necessary but this was not avaible in the case of human material In the present ma­
terial at least 1 5 hours elapsed between death and freezing Immediately after removal 
of the brain from the skull the ventral part of the hypothalamus was dissected For 
this purpose, two bilaterally sagittal cuts along the lateral border of each tractus opti­
cus towards the third ventricle (fig 29b, c) and two frontal cuts, one through the lami­
na terminahs and one in front of the corpora mamillana, were made The hypophy­
sial stalk was cut as low as possible by scissors to avoid traction damage to the tubero-
infundibular region The dissected part of the hypothalamus included the main part 
of the tuber cmereum and usually a portion of the regio suprachiasmatica The tissue 
was placed on copper strips, quickly immersed m isopentane cooled by liquid nitrogen 
and frozen with constant movement of the strip As the tissue pieces were rather 
large, there was a great risk of the formation of considerable ice crystals due to a low 
cooling rate To improve rapid freezing, the third ventricle was opened by laying 
aside the left and right part of the tuber cinereum, remaining connected with one an­
other by the floor of the third ventricle After freezing, the tissue pieces were kept in 
liquid nitrogen for transportation The tissue was dried for three days at a tempera­
ture of 35 0 C produced by a thermoelectric cooling unit at a total pressure of 0 01 
torr in a freeze-drying apparatus (Leybold Het deus G T 001) equipped with a two stage 
gas ballast rotary pump (Leybold-Heraeus trivac D3) and an adsorption trap charged 
with zeolite, molecular sieve Linde 13X (Leybold Heraeus N W 20) After gradual 
warming up of the tissue platform to about 35 0 C the tissue pieces were exposed to 
formaldehyde gas, generated from paraformaldehyde powder at 80 o C in a closed 
glass container for ІІ/2 hours or in a special closed glass system for formaldehyde 
treatment and embedding (GT 001 accessories) for 6 hours The use of the latter con­
struction is time-consuming but has the advantage that the freeze-dned tissue can be 
exposed to formaldehyde and infiltrated afterwards with paraplast (Shetwood) with­
out breaking the vacuum The paraformaldehyde powder was stored in a dessicator 
over a solution of sulphuric acid providing a relative humidity of about 7 0 % (see 
Eranko, 1967) The tissue was infiltrated with previously degassed paraplast in va­
cuo at 6 0 o C for 15 to 20 minutes until bubbling ceased Then the vacuum was bro-
18 
ken and the tissue, infiltrated with paraplast, was embedded in the usual way to obtain 
a convenient specimen for sectioning The blocks were sectioned at 10 μηη thickness in 
the frontal plane and every 10th section was used for study The sections were moun­
ted according to a modified technique (Verhojstad, 1970) They were stretched with 
isobutyl alcohol on warmed slides which were placed afterwards above a xylene bath 
at 60CC for 20 to 30 minutes to remove the paraplast from these rather large sec­
tions After cooling the sections were enclosed in an Entellan {Merck) xylene mixture 
(1 ml xylene in 10 ml Entellan) The specificity of the technique of Falck Hillarp 
was tested chemically by sodium borohydnde {Conodi et al, 1964), which reduces 
the fluorophores to their corresponding non fluorescent tetrahydro compounds, and by 
comparing material prepared according to the Falck Hillarp technique with tissue 
treated similarly except for the exposure to formaldehyde gas These tests are parti­
cularly important m the case of human tissue because of the occurrence of many auto 
fluorescent substances, / e non-specific fluorescence of tissue elements, such as lipofus 
cm, lysosomes, collagen and elastic fibers in material not treated with formaldehyde 
gas The autofluorescence generally differs from the formaldehyde-induced fluores­
cence ( = FIF) of the monoamines both in colour and in stability to UV light 
The application of the histochemical technique for monoamines to human tissue 
obtained at autopsies has considerable limitations, especially regarding the interpreta­
tion of quantitative differences in FIF of the different hypothalami According to 
]oyce (1962), little 5 hydroxytryptamme disappears from the hindbram in the first 
minutes after death and subsequent losses are small if the body was allowed to cool 
slowly However, a rapid disappearance takes place after removal of the brain from 
the skull From animal data this worker predicted a loss of about 10 to 2 0 % Still, 
the observations from biochemical analysis cannot be compared directly with those 
from the histochemical technique for monoamines At any rate, it is obvious that the 
autopsy delay decreases the demonstrable amount of monoamines To prevent the rapid 
disappearance of these amines after removal of the brain from the skull as much as 
possible, the tissue pieces were dissected and frozen immediately Because of the dif­
ferences in autopsy delay, the only aim is to find a similarity m the individual dis­
tributions of FIF in the studied hypothalami Some series of the freeze-dned material 
were stained with haematoxylin-eosin 
Fluorescence miaoscopy The preparations were studied with an Olympus fluo­
rescence microscopical device (HL II) equipped with an AHL 250 UV high pressure 
mercury lamp and a BG 12 excitation filter In the microscope a Tiyoda darkf leid con-
densor ( N A 12-14) for oil immersion and an eyepiece filter OG 515 were used 
For colour photographs a Kodak Ektachrome EH film and for black and white photo­
graphs a Gevaeil Saentta 50 В 65 film was employed 
For the study and photography of the neurosecretory material, advantage was 
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taken of the intense yellow fluorescence of paraldehyde fuchsin-positive material in 
darkfield microscopy, which allows the visualization of even the smallest neurosecre-
tory granules accessible to the optic microscope (Donev, 1970) Moreover, the slight 
background fluorescence makes a topographical description of the neurosecretory sy-
stem of the nuclei supraopticus and parav entriculans much easier than in the light 
microscope because the background is unstained The source of light is the same as 
used for the study of the FIF, but with a neutral filter instead of a BG-12 filter 
Karyomelnct Nuclear measurements were performed as the nuclear volume is 
regarded as a morphometncally detectable correlative of alterations in the functional 
activity of the cell The positive correlations of nuclear volume with cellular content 
of non-histomc proteins and with that of RNA, between nuclear volume and protein 
synthesis and between nuclear volume and cellular dry mass content indicate that en-
hanced cellular activity is accompanied by an increase in nuclear volume and that re-
duced cellular activity is attended by a decrease in nuclear volume (Palkovitf and 
Fncher, 1968) 
The nuclear measurements were carried out with a filar micrometer eyepiece 
{Olympus OSM) at a lOOOx magnification, measuring accurately a difference of 
0 0001 mm Of each measured cell nucleus, the maximal length (L) and width(B), 
perpendicular to one another, were determined Taking the dimension perpendicular 
to the plane of section as equal to the width of the cell nucleus, a volume was 
calculated according to the formula V = 1¡6TT (L) (B) 2 , regarding the nucleus as a 
spheroid In 61 hypothalami, 50 neuronal nuclei were measured in each of three 
different, topographically well-defined, locations in the nucleus infundibulans and 
in the dorsolateral part of the nucleus supraopticus, which served as control group 
The cell nucleus was measured only if a nucleolus was present The mean of each 
sample of 50 volumes was calculated and called "mean nuclear volume"* This va-
lue was used for the statistical analysis The calculated nuclear volume, however, 
gives no direct information on the real nuclear volume For this would be the case 
only if the nuclei are ellipsoids of rotation and if the plane of section contained 
the long axis of the nuclei The first condition meets the requirements reasonably 
It is clear that the second condition will seldom be fulfilled However if between 
two groups of cell nuclei there is no systematic difference in orientation of the nu-
clei with respect to the plane of section, it is to be expected that in the case of a 
difference in size of the nuclei between these groups, the ellipsoid contours of the 
nuclei in the section will enclose different surface areas It seems therefore appro-
* In the calculations the factor 4 'з тг was left out of consideration In table VI, VII 
and IX and fig 32-36, the MNV s are calculated on the basis of V = , β · 10 3 (LXB)2 
L and В were expressed in units of the measuring device 
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priate to compare two groups by calculating these surface areas In this study not a sur-
face but a volume was calculated because in the case of two cell nuclei with a different 
elongation, the surface areas may be equivalent m some cases while a volume distin-
guishes correctly with regard to the order relation between the sizes of the nuclei. 
Moreover, in the measurements, the width of the cell nuclei is determined more accu-
rately than the length and by using the formula of a volume, its value is less depen-
dent on the length than on the width It is, however, assumed that the deviations in 
the determination of the length have a similar distribution in the groups to be com-
pared For these reasons, the nuclear volume is regarded as a reasonably discrimina-
tive criterion to detect order relations with respect to nuclear size in the relevant sets 
of data For references and an extensive account on the theoretical and technical as-
pects of karyometnes the reader is referred to Palkovttr and Fischer (1968) 
Statistical analysis Conforming to the nature of the mean nuclear volume and 
the goal of the investigations, non-parametric methods were used in the statistical ana-
lysis Fach of the statistical tests, with regard to the stated hypotheses, was carried 
out at a level of significance of 0.05 (two-sided) The results of the tests will be ex-
pressed in p-values and a result will be called significant if the corresponding p-value 
is smaller than 0 05. The tests employed are described in the relevant chapters and 
tables. 
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Results 
I STRUCTURAL ASPECTS OF THE TUBERO-INFUNDIBULAR 
REGION OF THE HUMAN HYPOTHALAMUS WITH SPECIAL 
REFERENCE TO THE NUCLEUS INFUNDIBULARIS 
1 A STRUCTURAL ASPECTS OF THE TUBERAI REGION 
I A 1 TOPOGRAPHICAL RELATIONS 
In an horizontal plane the nucleus infundibulans is situated eccentrically around 
the ventral recess of the third ventricle with its principle part caudally (fig 1, 11) 
The cell group is delineated in a series of frontal sections through the ventral hypo-
thalamus of an adult in fig 2 and of a newborn in fig 3 Anteriorly the nucleus in-
fundibulans occupies the mediobasal area of the regio parainfundibulans tubens and 
adjacent areas of the infundibular walls (fig 1, 2b-d, 3a-c) The part of the nucleus 
extending into the infundibulum will be referred to as "wedge of infundibular nerve 
cells" (Mmtmez, I960) In the regio oralis tubens only a few scattered cells of the nu-
cleus infundibulans are found Posteriorly, its nerve cells extend into the eminentia post-
infundibulans (fig 1, 11) where they constitute in frontal sections a U-shaped cell 
group of high density m the floor of the third ventricle (fig 2e, f, 3e, f) Towards 
the posterior part of the nucleus infundibulans the ventricular floor thickens Near 
the posterior limit of the cell group large vessels constantly enter the tuber cinereum 
in the sulci postinfundibulares at each side and proceed in a mediodorsal direction to 
the lateral walls of the ventricle bounding the dorsolateral surface of the nucleus in-
fundibulans (fig 2e, f) Caudal to these vessels the cell density diminishes quickly 
and in this most caudal region of the eminentia postinfundibulans a group of large 
nerve cells, similar in appearance to the tuberomamillary cells, occurs. Sheeban and Ko-
tács (1966) called this cell group the posteromedial tuberai nucleus (fig 4) . In the 
region caudal to the nucleus infundibulans, the floor of the third ventricle becomes 
considerably thinner causing a slight dip, the recessus mamilkris (fig 4) . Approach-
ing the corpora mamillana, the ventricular f loor also narrows progressively, which can 
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Fig. 2. Serial sections in the frontal plane through the ventral hypothalamus of a 
young adult. Haematoxylin-eosin. Total magnification 6x. For abbreviat ions in this 
and all following figures see table XI on fold-out page. Except for a), all sections are 
from the same individual. The levels indicated in b)-f), can be found again in the sa-
gittal representat ion of this hypothalamus in fig. 11. The interrupted line in the tube-
ro-infundibular region demarcates the nucleus infundibularis. The black dots in the 
ventricular lining and in the outer margin of the tuber cinereum indicate the disap-
pearance of membrana limitans gliae interna and externa over the region of the nu-
cleus infundibularis. In a), the ventrorostral ly directed infundibulum is cut transversely, 
In the anterior infundibular wall, membrana limitans gliae externa is still observed. 
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Fig. 3. Serial sections in the frontal plane through the ventral hypothalamus of a 
newborn. Haematoxylin-eosin. Total magnification 6x. For abbreviations see table 
XI. The interrupted line demarcates the nucleus infundibularis. The black dots indi-
cate the disappearance of the glial membranes. 
be seen on the outer surface of the tuber cinereum by the convergence of the sulci 
postinfundibulares (fig. 11). 
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The nucleus infundibularis is not difficult to mark off from the surrounding 
cell groups which is largely due to its high cell density. Lateral to the sulci postinfun-
dibulares the nuclei tuberis laterales (fig 2e) are located consisting of rostrocaudally 
directed columns of cells. The columns partly unite with each other. These nuclei are 
rather poor in cells but are striking due to the dense arrangement of the intercellular sub­
stance. One of these columns extends almost up to the regio oralis tuberis and is situated 
between the nucleus infundibularis and the pars ventromediahs of the nucleus supra-
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Fig. 4. Frontal section through the regio caudalis tuberis of a young adult, caudal to the 
nucleus infundibularis. Haematoxylin-eosin. Total magnification 6x. For abbrevia­
tions see table XI. At this level of the eminentia postinfundibulans the posteromedial 
tuberai nucleus is situated. The indicated level can be found again in fig. 11. The 
black dots indicate the disappearance of the glial membranes. 
opticus (fig. 2b, 3b). In the most anterior region of the nucleus infundibularis, some 
scattered supraoptic cells occur along its lateral sides at the level of the sulcus infundi­
bularis. In this region, in front of the recessus infundibuli, other large cells also occur 
but on the dorsal side of the cell group. These cells are of the tuberomamillary type. 
In the regio caudalis tuberis, the nuclei tuberis laterales and the fornix pierce through 
the area occupied by the nucleus tuberomamillaris, which consists of large nerve cells 
arranged in groups of a variable size. One of the small groups usually separates the 
lateral side of the nucleus infundibularis at its caudal limit from the medial column of 
the nuclei tuberis laterales. This group is regularly seen to be continuous with the 
posteromedial tuberai nucleus. Dorsolaterally, the nucleus infundibularis is separated 
from the nucleus ventromediahs by a zone of low cellular density. The cells of the 
latter cell group generally are larger and less densely packed than the infundibular 
cells. Along the third ventricle the nucleus infundibularis seems to continue as a nar­
row periventricular zone diminishing at the level of the nucleus dorsomedialis. 
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The sections through the nucleus infundibularis in fig. 2 and 3, except in a), are 
of practically identical plane of section. As can be observed, neither its configuration 
nor its extent in the ventral hypothalamus and infundibulum of the newborn and the 
adult is different. The increase in size of the surface area occupied by the nucleus in­
fundibularis seems to be greater than it is because of the wider ventricle and re-
cessus infundibuli in the adult. The distinct eminentiae laterales, given rise to by the 
nuclei tuberis laterales in the adult, are not very obvious in the newborn (fig. 2e, 3e). 
In distinction to the periventricular region above the eminentia postinfundibularis, 
considerable changes still appear to take place in the region lateral to the sulci post-
infundibulares after birth. 
I A.2. NERVE FIBERS 
Nucleus hijriiidtbi/larn. In good Bodian preparations many fine nerve fibers are 
visualized in the nucleus infundibularis (fig. 5). Though these fibers can be followed 
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Fig. 5. Fine nerve fibers in the lateroposterior part of the nucleus infundibularis. 
Bodian. [a] Obj. magn. lOx. [b] Obj. magn. 40x. 
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only for short distances, it can be established that a large number of them in the para-
infundibular portion of the cell group is directed towards the entrance area of the 
infundibulum. In the proximal part of the infundibular walls the fine axons in the 
wedge of nerve cells are often parallel to the long axis of the hypophysial stalk. In 
the posterior portion of the nucleus infundibularis (fig. 5), where a higher density of 
fine nerve fibers occurs than anteriorly and where many of them are caught in the plane 
of section, their main direction is parallel to the U-shape of the cell group in the regio 
caudalis tuberis. Their vertical course in the lateropesterior part of the nucleus is especi­
ally very obvious. In and over the lateral area of this part of the nucleus infundibularis 
the fibers may even descend closely side by side (fig. 5a). The directions of the 
fine axons are reflected by the position of the poles of the nerve cells as observed in 
the cresyl violet stained sections. On the ventricular side of the nucleus infundibularis 
the fibers reach up to the ependymal cell layer where they seem to terminate in part 
(fig. 6a). In this region the membrana limitans gliae interna is lacking as will be seen 
Fig. 6. Nerve fibers along the third ventricle. Bodian. Obj. magn. 40x. [a] Over the 
ventricular surface of the nucleus infundibularis many fine nerve fibers occur гиЬ-
ependymally and even seem to terminate near the ependymal cells, [b] Dorsal to the 
nucleus infundibularis, nerve fibers are situated at some distance from the ventricle: 
only sporadic nerve fibers are found in the membrana limitans gliae interna, 
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subsequently Dorsal to this periventricular area of the cell group, where this glial 
membrane does occur, only occasionally is a nerve fiber found subependymally (fig 
6b) 
Ti actus vtpiaopttco-hypophyieus Behind the chiasma opticum an enormous 
amount of thick axons (fig 7) descends from the different parts of the nucleus supra-
opticus towards the infundibular walls and covers the anterior and lateral surfaces of 
the parainfundibular part of the nucleus infundibulans (compare with the course 
of the neurosecretory fibers in fig 29b, c) The nucleus paraventriculans also contri-
butes to this fiber tract as most of its axons go by way of the pars dorsomedialis of 
the; nucleus supraopticus Only some thick nerve fibers traverse the nucleus infundibu-
lans Most of these descend in the immediately periventricular area Probably they 
originate from the nucleus paraventriculans and proceed directly to the infundibulum 
along the wall of the third ventricle Before entering the hypophysial stalk, the supra-
optic fibers descending along the anterior and lateral sides of the nucleus infundibu-
lans constitute a converging bundle Anteriorly, the supraoptic fibers enter the infun-
dibulum between the anterior surface of the nucleus infundibulans and the membrana 
limitans gliae externa which extends here over the sulcus infundibulans into the hypo-
physial stalk (anterior to level 310 m fig 11) The thick axons entering the lateral 
infundibular wall, caudal to level 310 in fig 11, are situated between the cell group 
and the outer surface in the sulcus infundibulans which lacks membrana limitans 
gliae at this level (fig 7a, 12) The converging bundle of supraoptic fibers approach-
ing the posterolateral part of the sulcus infundibulans (caudal to level 310 in fig 
11) even runs for a short distance in the medial part of the outer zone of regio para-
infundibulans tubens before entering the infundibulum In this area the membrana 
limitans gliae externa is already absent somewhat lateral to the sulcus (fig 2c, 11). 
The number of thick axons in this outer zone of the tuber cinereum diminishes quick-
ly approaching the area lateral to the insertion of the postenor wall of the infundibu-
lum (caudal to level 270 in fig 11) In its course in the pars cava infundibuli the bundle 
remains superficial to the wedge of nerve cells, also when turning inwards to proceed 
in the zona interna at the proximal limit of the zona externa The small number of 
thick axons in the proximal part of the posterior wall of the infundibulum occupies a 
narrow innermost layer of the zona interna covering the wedge of infundibular nerve 
cells (compare with the neurosecretory fibers in fig 29b, c) The axons entering the 
anterior and posterior infundibular walls in part appear to decussate 
Tiactut lubero-bypopbyiei/s Instead of thick axons, the glial membrane-free 
outer zone of the regio parainfundibulans tubens lateral to the insertion of the posterior 
wall of the infundibulum contains many delicate nerve fibers (fig 8) In fig 11 this 
zone is situated above the outer surface of the tuber cmercum between levels 270 and 
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220 lateral to the sulcus infundibularis and medial to the demarcation of the area 
lacking membrana hmitans gliae externa. The difference in caliber is obvious when 
one compares fig. 8a, b with fig. 7a, b. The fine axons which could be traced for 
some distance, have at this level the same direction as the supraoptic fibers in the more 
anteriorly situated outer zone of the tuber cinereum but, unlike the latter fibers, they 
spread coming from both sides over the zona interna after having entered the infundi-
bulum. In the proximal part of the posterior wall (fig. 2d; level 250 in fig. 11) some 
fine axons seem to cross the median plane. In this part of the infundibulum relatively 
Fig. 7. Nerve fibers of the tractus supraoptico-hypophyseus entering the infundibu-
lum at the level of its lateral wall. The caliber of these axons is clearly different 
from that seen m fig. 8. Bodian. [a| Obj. magn. lOx. [b] Obj. magn. 40x. 
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few thick and many fine axons occur. Independent of the cell groups to which they 
belong exactly, the fine nerve fibers in the outer zone of the tuber cinereum and adja-
cent infundibulum are a concrete structure that might well fit the term tractus 
tubero-hypophyseus because of their tract-like appearance, their delicate size which is 
suggestive of a parvocellular origin, and their dispersion over the zona interna after 
having entered the infundibulum. Lateral to this layer of fine axons, the outer tube-
rai zone consists of membrana limitans gliae externa (fig. 10). Dorsal to this glial 
membrane only some fine nerve fibers seem to continue in a lateral direction, but a 
Fig. 8. Nerve fibers of the tractus tubero-hypophyseus in the transitional outer zone 
approaching the lateroposterior wall of the infundibulum. Bodian. [aj Obj. magn. lOx. 
[b] Obj. magn. 40x. 
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few thick axons directed towards the mfundibulum are still clearly seen here The 
vertically directed axons in the lateropostenor part of the nucleus infundibulans can­
not be followed anymore in the outer zone of the eminentia postmfundibulans which 
consists of a dense layer of transversely cut fine axons and not of membrana hmi-
tans ghae externa This layer is most distinct in the lateral areas of the outer гопе in 
the eminentia postmfundibulans. It is continuous with the fine axon-contaimng outer 
zone of the regio paramfundibularis tuberis, lateral to the insertion of the posterior in­
fundibular wall These two outer zones unite between the anterior part of the sulci 
postinfundibulares and the posterior margin of the sulcus infundibulans, / e at level 
220 m fig 11 Caudal to the nucleus infundibulans, the dense layer of transversely 
cut fine axons in the eminentia postmfundibulans disappears being replaced by a less 
dense tissue of large nerve cells and thick nerve fibers which proceed in the frontal 
plane of section in the regio caudahs tuberis lateral to the sulci postinfundibulares More­
over, in this caudal region of the tuber cinereum the membrana limitans ghae externa 
is present to a larger extent than anteriorly (level 130 in fig 11) The nerve fibers 
from the lateropostenor part of the nucleus infundibulans and perhaps also from 
more dorsally situated neurons such as those of the area penventnculans posterior, if 
they do not terminate in the nucleus infundibulans, seem to collect on the ventral sur­
face of this cell group, in particular on the lateral areas of this surface It is likely 
that they proceed in the outer zone of the eminentia postmfundibulans towards the 
anterior and reach the outer zone of the regio paramfundibularis tuberis from where 
the fine axons disperse over the zona interna on entering the mfundibulum. In the 
medial part of the outer zone of the eminentia postmfundibulans these fine axons 
also occur, but the structure of this area is more complicated (see zona neurovasculosa 
in the next chapter) 
I A 3 OUTER ZONE AT THE TUBERO-INFUNDIBULAR JUNCTION 
Tiantrttondl outer zone The mentioned outer zones in the regio paramfundibularis 
tuberis (fig 8a) and in the eminentia postmfundibulans are similar in respect of the 
presence of fine nerve fibers and the absence of membrana limitans ghae externa. 
They will be referred to as "transitional outer zone" because they are found in the outer 
layer of the tuber cinereum at the level of the infundibular insertion area, the tubero-
inf undibular transition, and because such a zone also occurs in the outer layer of the prox­
imal mfundibulum in as far as the zona externa has not appeared as yet The proximal 
limit of this zone, i.e on the tuberai side, is given in fig 11 by the demarcation of 
the glial membrane-free area and in fig 2 and 3 by the black dots in the outer mar-
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gm of the tubero infundibular region The vascular layer on the transitional outer 
zone (fig 8a, 12) does not belong to the pia mater (fig 10) but structurally appears 
to be an extension of the mantle plexus (fig 12) The pia mater comprises a layer of 
thick collagen bundles embedded in loosely arranged reticular and collagenous fibers 
The pial vessels are superficial to this firm layer of Lonnective tissue The pia is pre-
sent over that area of the tuber cinereum which in its outer zone consists of membra-
na limitans gliae externa and together they form the pial glial membrane (fig 10) 
In the mantle plexus, the connective tissue fibers loosely surround the many blood 
vessels and capillaries A firm pial membrane does not occur in this plexus The same 
is valid for the vascular structure on the transitional outer zone of the tuber cinereum 
and proximal infundibulum However, while the mantle plexus on the infundibular 
surface, for the greater part, is in close contact with the zona externa (fig 16), its 
extension over the transitional outer zone is adjacent to a layer of fine nerve fibers 
(fig 8) which in structure is different to the zona externa The medial portion of 
this vascular layer on the transitional outer zone of the tuber cinereum contains some 
islands of adenohypophysial cells which do not occur in the pia Moreover, pigmented 
cells, abundantly found in the pia of older individuals, are never seen in the mantle 
plexus and are extremely rare in its extension over the transitional outer zone 
From this extension small straight capillaries enter the outer zone perpendicularly 
Also larger vessels arise from this vascular layer and penetrate the tuber cinereum and in-
fundibulum in, or in the vicinity of, the sulcus infundibulans (fig 12) and the sulci 
postinfundibulares They proceed in a dorsomedial direction, often traversing the nu-
cleus infundibulans, towards the lateral walls of the third ventricle and recessus in-
fundibuli (fig 2c, f) Some of these vessels can be followed up to very near the 
ependyma as distinct from the strongly interrated special vessels from the mantle 
plexus on the infundibulum, which as such do not go through the wedge of infundi-
bular nerve cells The blood vessels entering the tuber cinereum in the transitional 
outer zone have a very poor glial lining in Hölzer preparations The vessels penetra-
ting in the lateral margin of this zone are accompanied only partly by membrana limi-
tans gliae perivascularis which on the lateral side of the vessel is well-developed and 
on the medial side is practically absent (fig 12) Of these latter blood vessels it can-
not be said for certain whether they belong to the pial vasculature or the mantle 
plexus but in fig 12 the vessel penetrating the sulcus infundibulans evidently belongs 
to the plexus 
Zona nemovauulosa On the medial part of the outer zone of the emmentia 
postinfundibulans the vasculature is striking because of a close connection with the 
nervous tissue (fig 9) This vascular layer over the caudal tuberai surface, according 
to Green (1948), is an extension of the neurovascular covering over that part of the 
infundibulum which lacks a collar of pars infundibulans, he called it the neurovas-
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cular zone as it contains many blood vessels and nerve fibers. In Bodian preparations 
these nerve fibers were difficult to recognize as they are situated between connective 
tissue fibers which were also stained in this material in which the aim was to visualize 
the fine nerve fibers in the tubero-infundibular region. Only in some "failures" in 
which connective tissue was practically unstained and only thick axons were impreg-
nated, several rather thick nerve fibers were observed in the neurovascular zone. The 
connective tissue skeleton of this zone in children and young adults (fig. 9) is poor-
ly developed and not very striking but becomes impressive with increasing age. In 
Fig. 9. Zona neurovasculosa in the eminentia postinfundibularis consisting of a neu-
ral layer and a vascular layer. From the outer margin of the neural layer fiber cells 
arise which proceed towards the ventral tip of the third ventricle in regio caudalis 
tuberis. Gomori silver. Obj. magn. lOx. 
this study the term "zona neurovasculosa" indicates the firm neurovascular junction 
in the regio caudalis tuberis comprising a vascular component, the neurovascular zone of 
Green, and a neural component, the medial part of the outer zone in the eminentia post-
infundibularis. The extension of this junction is given in fig. 11. The vasculature of 
this zona neurovasculosa, and on the zona externa of the infundibulum, is very similar 
except that in the former area the vessels remain in the outer layer of the tissue (fig. 
9) in contrast with the strong penetration of the special vessels into the deeper layers 
of the infundibulum (fig. 16), and except that in the vasculature on the infundibu-
lum more larger vessels are seen. Nevertheless, the absence of a pial-glial membrane 
and the loosely arranged connective tissue around the blood vessels is typical of both 
regions. The nervous components of the neurovascular contact areas in infundibulum 
and eminentia postinfundibularis are also similar to a certain extent as both regions 
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contain fine nerve fibers and glial cells with long processes The nervous tissue of the 
infundibulum adjacent to the mantle plexus consists of zona externa (see infundibu-
lum in chapter II B) but the medial part of the outer zone in the eminentia postm-
fundibulans lacks the structural plan of this infundibular zone (compare fig 9 and 
16a) Instead, fiber cells converge from the outer margin of the neural component 
of the zona neurovasculosa towards the \entrai tip of the third ventricle traversing 
the nucleus infundibulans (fig 9) In fact, they look like the fiber pituicytes (Ro-
mets, 1940) in the infundibulum but they do not form a dense palisade layer as the 
fiber pituicytes do in a typical zona externa as seen in childhood and young adults 
(fig 16) Moreover the fiber cells are less numerous These cells, consisting of a 
strongly elongated cytoplasm and a long process at each pole, form structures compo-
sed of a few of these elements next to each other and in an even line with and behind 
each other In the course of such structures several strongly elongated nuclei occur 
The fiber cells also have similarities with ependymal fibers which also extend be-
tween the third ventricle and the outer surface of the tubero-mfundibular region 
However, ependymal fibers are less coarse, have their nucleus in or immediately un-
derneath, the ependymal lining of the ventricle and have no such apparent connec-
tions with each other, except near the capillaries and the outer margin of the tissue 
where they terminate In all staining techniques applied the three fibrous cell types 
mentioned showed the same properties In this material they were well visualized with 
Heidenhain s azocarmine-aniline blue, Mallory s phosphotungstic acid haematoxylin, 
Massons tnchrome stain and Gomon s silver impregnation 
In the eminentia postmfundibulans of the newborn, the fiber cell connection be-
tween zona neurovasculosa and third ventricle is also present but is less conspicuous 
In the outer zone of this elevation, fiber pituicyte-like cells with thick processes were 
observed, too 
The fiber cells are probably identical to a type described by Romen (1940), how-
ever, not in the eminentia postmfundibulans but in the infundibulum Romers men-
tions a transition between the ependymal fibers, predominantly seen in the tuberai 
region, and the pituicyte fibers in the infundibulum In the studied material the fiber 
cells were also found in the pars cava mfundibuli and were particularly evident at the 
insertion of the posterior wall of the infundibulum into the tuber cinereum This lat-
ter area forms the transition between the zona externa mfundibuli and the medial part 
of the outer zone in the eminentia postmfundibulans, / e the neural component of 
the zona neurovasculosa This transition is situated at the level of the posterior margin 
of the sulcus infundibulans (between levels 210 and 230 in fig 11) 
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I A.4. GLIAL TISSUE 
Membrana Umilam gliae interna. In contrast to all other cell groups in the 
human tuber cinereum the nucleus infundibularis has an immediately subependymal 
position. The ventricular lining over this nucleus lacks membrana limitans gliae 
interna. This membrane is made up from a subependymal layer of parallel arranged 
glial fibers. In fig. 2 and 3 the ventral limit of the membrana limitans gliae interna 
is indicated by a dot in the lateral walls of the third ventricle. In the suprachiasmatic 
region this glial layer is very conspicuous except in the supraoptic crest at the level of the 
Organum vasculosum of the lamina terminalis where a totally different glial organiza-
tion is seen. Behind the chiasma opticum, the membrana limitans gliae interna disap-
pears at the anterior and dorsal boundaries of the nucleus infundibularis and remains 
absent over the entire recessus infundibuli and a large area of the ventricular lining in 
the lower half of the regio caudalis tuberis. The nerve cells of the nucleus infundibularis 
can be found against the ependyma. In the posterior part of the regio caudalis tuberis 
the membrana limitans gliae interna is present again along the entire lateral wall of 
the third ventricle and this re-appearance occurs on frontal sections directly behind the 
nucleus infundibularis (fig. 4) . Though a distinct glial membrane in the floor of this 
ventricle often is not found in the eminentia postinfundibularis it is seen in some 
cases already above the posteromedial tuberai nucleus. Topographically, the part of the 
ventricular lining lacking membrana limitans gliae interna coincides rather accurately 
with the periventricular extension of the nucleus infundibularis and certainly not only 
with the extent of the recessus infundibuli. 
Fig. 10. The pial-glial membrane consisting of membrana limitans gliae externa and 
the connective tissue layer of the pia mater. Heidenhains azocarmine-aniline blue. 
Obj. magn. lOx. 
Ml) 
Fig. 11. Projection of the area of the tuber cinereum lacking membrana limitans gliae 
externa (—) and of the ventral surface of the nucleus infundibularis (dotted area) on 
the outer surface of the hypothalamus. For abbreviations see table XL Section num-
bers are indicated on the right of the figure. A number of frontal sections of this 
hypothalamus are given in fig. 2b-f. 
Membrana limitans gliae externa. The areas lateral to the dots in the outer mar-
gin of the tuber cinereum and infundibulum in fig. 2 and 3 comprise membrana limi-
tans gliae externa (fig. 10). This glial membrane in the outer zone of the tuber cine-
reum is supposed to end at the sulcus infundibularis and not to extend in the infundi-
bulum {Spatz, 1951, 1955). In the human hypothalami studied, its disappearance does 
not coincide entirely with the sulcus infundibularis, which represents the anatomical 
circumscription of the insertion of the hypophysis into the hypothalamus {Spatz et al., 
1948; Christ, 1951). In fig. 11a two-dimensional reconstruction was carried out in 
order to study the topographical relations between the two structures by projecting 
the area of the tuber cinereum above the level of the sulcus infundibularis on the ou-
ter surface. The nucleus infundibularis is also indicated in this figure and its projec-
tion principally represents the ventral extension of this cell group as the dorsolateral 
boundaries converge towards the third ventricle (fig. 2, 3). The topographical rela-
tions in front of the line through level 330 are obtained from observations in other hy-
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pothalami because this part was not available in specimen US 2186. In front of level 
320 in fig. 11 the membrana limitans gliae externa is seen within the area bounded 
by the sulcus infundibularis indicating that this glial membrane continues over the 
anterior margin of this sulcus and extends into the anterior wall of the infundibulum. 
The membrane reaches up to the proximal enlargement of the pars infundibularis 
adenohypophyseos (fig. 1, 2a). At the transition of the anterior into lateral infundi-
bular wall the sulcus coincides with the disappearance of the membrana limitans gliae 
externa (levels 300-320 in fig. 11 ; fig. 12). Above the insertion of the posterior wall 
the membrane is lacking over an area of the regio parainfundibularis tuberis much 
wider than is bounded by the sulcus infundibularis (between levels 320 and 220 in 
fig. 11). As can be seen in fig. 11 this area encloses roughly the entire ventral aspect 
of the nucleus infundibularis (see also fig. 2, 3). Not only the medioposterior area of 
the pars parainfundibularis tuberis, but also the eminentia postinfundibularis, caudal to 
level 220 in fig. 11, for the greater part is devoid of membrana limitans gliae externa. 
Fig. 12. Disappearance of the membrana limitans gliae externa at the level of the 
sulcus infundibularis (level 310 in fig. 11). The penetrating vessel, apparently arising 
from the mantle plexus, has only membrana limitans gliae perivascularis on its late-
ral side. Holzer. Obj. magn. ICx. 
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The lateral limits of this glial membrane-free area in the regio caudalis tuberis more 
or less run parallel to the sulci postinfundibulares but, on approaching the corpora 
mamillaria, they converge earlier, namely near the caudal end of the nucleus infundi-
bularis at level 170 in fig. 11. From fig. 2, 3 and 11 it is obvious that the membrana 
limitans gliae externa is lacking not only over the infundibulum but over the entire 
area adjacent to the ventral surface of the nucleus infundibularis. The latter area, 
which is identical to the transitional outer zone, is, as seen before, occupied by mainly 
fine nerve fibers (fig. 8) . 
I A.5. THE PARS ORALIS TUBERIS 
Besides the presence of membrana limitans gliae externa in the proximal part of 
the anterior infundibular wall (fig. 2a, 3a) the contiguous inner tissue is not pituitary-
like but has the aspect of tuberai tissue as indicated in fig. 1. The observation of a 
pars oralis tuberis during ontogenetic development {Diepen, 1962) makes it probable 
that this outer surface area of the tuber cinereum does not disappear but that it has 
been incorporated in the adult macroscopical hypophysial stalk. The original anterior 
margin of the sulcus infundibularis in man seems to have been smoothed out by trac-
tion exerted on the hypophysial stalk during the foetal period producing a new sulcus 
behind the chiasma opticum which acts as a fixed point in this process. Also the coin-
cidence of the disappearance of membrana limitans gliae externa with the proximal 
limit of pars infundibularis adenohypophyseos supports this view. Therefore, in fig. 1 
the pars oralis tuberis and corresponding regio are indicated in accordance with these 
findings. Thus, the regio oralis tuberis also includes the double-hatched area in the 
anterior wall of the infundibulum, ventral to the sulcus infundibularis. The demar-
cation of this region according to the division of the tuber in which the sulcus infun-
dibularis constitutes the border line between tuber cinereum and hypophysis is also 
indicated. In the latter case the caudal boundary of the regio oralis tuberis is represented 
by the line through the anterior part of the sulcus infundibularis and the upper mar-
gin of the anterior wall of the recessus infundibuli. In accordance with the findings of 
this study, this line goes through the upper margin of the anterior wall of the ventri-
cular recess and the ventral limit of the membrana limitans gliae externa in the ante-
rior infundibular wall disappearing at the proximal limit of the pars infundibularis 
adenohypophyseos (fig. 1). 
39 
I A.6. EPENDYMA 
In the ventricular lining over the nucleus infundibularis, where the membrana 
limitans gliae interna is absent, the ependymal cell type changes. Over the region dor­
sal to this cell group and supplied with a subependymal glial membrane a single layer 
of cubical ependymal cells is usually seen (fig. 13a). In the lateral walls of the 
recessus infundibuli and the ventral part of the third ventricle in regio caudalis tuberis 
the ependymal lining over the nucleus infundibularis consists of a cell zone contai­
ning two or three layers of nuclei (fig. 13b). Underneath and partly inbetween the 
cubical ependymal cells, elongated nuclei occur with their long axis perpendicular to 
the ventricular wall. From the cell bodies of these nuclei long processes arise which 
in their initial course have the same direction as the nuclei (fig. 13b, 14a). The fibers 
from the ependyma above the level of the sulcus infundibularis, where most of them 
originate, soon bend ventrolaterally. The ependymal fibers traverse the nucleus infun­
dibularis and this often appears as a palisade-like structure consisting of rows of ner­
ve cells inbetween these fibers (fig. 14, 18a). The long axis of the nerve cells is 
usually perpendicular to the ependymal fibers, independent of which part of their 
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Fig. 13. Ependyma of the third ventricle. Haematoxylin-eosin. Obj. magn. 40x. 
[a) Cubical ependymal cells on membrana limitans gliae interna in the region dorsal 
to the nucleus infundibularis. |b] Cubical and elongated ependymal cells from which 
ependymal fibers arise in the lateral wall of the recessus infundibuli. [c] Flattened 
ependymal cells in the floor of the recessus infundibuli. 
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bent course the cells are observed in. Several fibers end on the many capillaries in the 
periventricular region of the nucleus infundibularis (fig. 15) while others reach the 
outer surface area of the tuber cinereum but only in the transitional outer zone, which 
lacks membrana limitans gliae externa (fig. 14b). A number of ependymal fibers 
go through this zone and disappear between the connective tissue of the adjacent vas-
cular layer, the extension of the mantle plexus. These piercing fibers are most distinct 
Fig. 14. Ependymal fibers. Haematoxylin-eosin. Obj. magn. lOx. [a] Ependymal fibers 
originating from the ventricular lining over the nucleus infundibularis, [b] After tra-
versing the nucleus infundibularis they terminate in the transitional outer zone or 
pierce the outer margin and disappear between the connective tissue of the mantle 
plexus. 
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in the transitional outer zone somewhat lateral to the sulcus infundibularis (fig. 14b). 
From the lower part of the ependymal lining of the recessus infundibuli fibers arise 
which reach the outer surface of the lateral wall of the infundibulum above the prox-
imal limit of the zona externa. It could not be excluded that ependymal fibers enter 
the zona externa, as a differentiation with certainty from the fibrous part of a fiber 
pituicyte or from pituicyte fibers was not possible here. Moreover, there is a gradual 
transition between the two fiber types. In any case, typical ependymal fibers were ne-
ver observed extending between the ependymal lining of the recessus infundibuli and 
the zona externa. 
Fig. 15. Ependymal fibers terminating on a capillary in the region of the nucleus 
infundibularis. Gomori silver. Obj. magn. 40x. 
In the lowermost portion of the recessus infundibuli the ependyma consists of 
flattened cells (fig. 13c), which are even partly missing. From this mono-layered part 
of the recess no ependymal fibers arise. 
In the tissue around the ventral part of the recessus infundibuli and the ventral 
tip of the third ventricle in regio caudalis tuberis the aforementioned fiber cells (see 
zona neurovasculosa in chapter I A.3.) are found. They connect the ventricular lumen 
with the zona interna and externa of the infundibulum and with the zona neurovascu-
losa of the eminentia postinfundibularis, in particular with the vasculature of the last two 
zones. The fiber cells are also observed to be connected with vessels of the strongly 
vascularized region of the nucleus infundibularis. The internated special vessels from 
the mantle plexus can often be followed up to the wedge of infundibular nerve cells 
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ала just before reaching this wedge they lose their surrounding, dense palisade layer 
of zona externa tissue in cases in which this zone is clearly distinguishable This phe­
nomenon is very evident in the proximal part of the posterior infundibular wall near 
its insertion into the tuber cinereum From this uncovered part of the special vessels 
many fiber pituicytes arise and enter the area occupied by the nucleus infundibulans 
Near the posterior margin of the sulcus infundibulans such fibers also arise from the 
medial part of the transitional cuter zone of the tuber cinereum which is covered 
with an extension of the mantle plexus The typical ependymal fibers are somewhat 
more lateral to the sulcus infundibulans As these fiber pituicytes approach the 
third ventricle and its recess, they become more slender and resemble ependymal fi­
bers but do not have their nuclei in an intraependymal or immediately subependymal 
position Therefore, these fibrous elements are best referred to as fiber cells and as 
such may be identical to the fibrous connections between the zona neurovasculosa and 
the ventral tip of the third ventricle in the eminentia postinfundibulans which show 
the same behaviour Morphologically, the structure of the zona neurovasculosa is quite 
similar to that observed on the internated special vessels where they reach the wedge 
of infundibular nerve cells at the level of the insertion of the posterior wall into the 
tuber cinereum. 
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/ В STRUCTURAL ASPECTS ОГ THE INFUNDIBULAR REGION 
Ι В 1 TOPOGRAPHICAL RELATIONS 
The nucleus infundibulans extends as a wedge of nerve cells into the hypophysial 
stalk and occupies a rather large area of the infundibular walls (fig 1) In the prox­
imal part of the pars compacta infundibuli, as far as it was present in the studied materi­
al, very few, if any, nerve cells were observed From the tuber cinereum downwards 
along the recessus infundibuli the number of nerve cells decreases As they are situated 
along the entire recess, the pars cava infundibuli has to be considered as radix infun­
dibuli In the proximal anterior and anterolateral walls of the infundibulum, this wed­
ge of nerve cells is separated from the outer surface by supraoptic nerve fibers In the 
proximal part of the anterior wall there is still membrana limitane gliae externa, su­
perficial to these nerve fibers In the proximal posterolateral wall the infundibular 
wedge of nerve cells is separated from the outer surface by the transitional outer zone 
with its fine nerve fibers, and in the entire posterior wall and remaining distal parts 
of the pars cava infundibuli by the zona interna and zona externa Except for the 
cells of the nucleus infundibulans no other nerve cells occur in the infundibulum In 
the proximal part of the anterior wall, which according to our findings is tuberai tis­
sue, some cell bodies of the nucleus supraopticus are seen near the sulcus infundi­
bulans Within the area of the wedge, just as in the periventricular area of the tube­
rai part of the nucleus infundibulans, there are many blood vessels but never surroun­
ded by a layer of zona externa Many capillaries are found underneath the ependymal 
lining of the third ventricle and rccessus infundibuli where the membrana limitans 
gliae interna is lacking The internated special vessels from the mantle plexus reach­
ing up to the wedge of infundibular nerve cells lose their cover of zona externa tis­
sue near this wedge Though ramification is observed at this level, the capillaries from 
these vessels hardly seem to enter the wedge of the nucleus infundibulans From the 
zona interna and externa, fiber pituicytes with elongated cell bodies and nuclei and 
long processes enter the nerve cell layer in the innermost zone of the infundibulum 
and several proceed towards the ependyma The wedge of the nucleus infundibulans 
has, except for the occurrence of pituicyte fibers and fine axons, no structural similari­
ties with the zona interna and externa but has the same appearance as the periventri­
cular area of the cell group in regio parainfundibulans tubens (fig 2b, с, ЬЬ, с) The 
tuberai tissue in the infundibulum around the recess is indicated in fig 1 by the ver­
tically hatched area 
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Because of the presence of nerve cells along the entire recessus infundibuli a sim-
ple two-zonal structure, such as for example in the infundibulum of the cat, is no-
where found in man. Moreover, the structural plan of the human infundibulum is 
complicated by the internation of the zona externa on the special vessels (fig. 2b, c, 
16a). By the histological appearance of the zona interna and externa a differentiation 
is possible but certainly not in every individual. In particular in advanced age, the two 
zones often can not be distinguished from each other as the zona externa more or less 
resembles the zona interna. 
I B.2. ZONA EXTERNA INFUNDIBULI 
The zona externa is usually a cell-poor zone with a dense fibrous structure and is 
adjacent to the mantle plexus including the special vessels from this plexus which 
penetrate the infundibulum (fig. 2b, c, 16a). In this zone many fibers are directed 
perpendicular to the blood vessels and appear as a dense palisade layer (fig. 16a, b) . 
Fig. 16. Zona interna and externa of the infundibulum. Note the palisade-like struc-
ture of the zona externa which distinguishes this zone from the looser arranged zona 
interna, [a] Haematoxylin-eosin. Obj. magn. lOx. [b] Bodian. Obj. magn. 40x. 
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These fibers are processes of the cells with a strongly elongated nucleus and perika-
ryon, called fiber pituicytes. The other processes from these glial cells proceed in the 
zona interna and even in the wedge of infundibular nerve cells. Cell bodies of the 
fiber pituicytes are situated in the zona externa but often many of them are located in 
the transition area of the two zones. Together with these cells some other pituicytes 
with oval-shaped nuclei form the only cell bodies of the zona externa. Nerve cells are 
never observed here. The number of nuclei in the zona externa can still vary conside-
Fig. 17. Infundibulum. Bodian. Obj. magn. 40x. [a] Fine nerve fibers of the tractus 
tubero-hypophyseus in the zona externa. |b] Thick nerve fibers of the tractus supra-
optico-hypophyseus in the zona interna avoiding the zona externa around the special 
vessels. 
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rably from one individual to another In the newborn only few pituicyte nuclei occur 
in this zone and often are of a round to oval shape Several pituicytes in the adult 
contain pigment in their penkaryon and processes, which sometimes can be followed 
as a chain of granules up to the special vessels This pigment looks like hpofuscm in 
sectons treated with paraldehyde fuchsm It is, however, not identical to hpofuscm as 
the pituitary pigment, unlike hpofuscm, shows a very dark blue colour with cresyl 
violet In good Bodian preparations fine nerve fibers are demonstrated in the zona 
externa (fig 17a) Thick axons were not seen m this zone as contrasted with their 
abundancy in the zona interna (fig 17b) Mast cells are located in the connective tis-
sue of the special vessels and of the mantle plexus in most individuals In some cases 
even in very large numbers 
At the transition of tuberai into hypophysial tissue the zona externa does not 
immediately replace the membrana hmitans ghae externa but these two structures are 
linked by the transitional outer zone which consists of a bundle of fine nerve fibers, 
ependymal fibers, some glial fibers and some fiber pituicytes In the anterior infundi-
bular wall this transitional outer zone is situated in the area covered by the proximal 
enlargement of the pars inf undibulans adenohypophyseos Distal to this end portion, the 
zona externa constitutes the neural partner of the adeno-neurohypophysial contact 
area At the level of the lateral wall of the mfundibulum the transitional outer zone 
is partly located in the regio parainfundibulans tubens, lateral to the sulcus infundibu-
lans, and partly in the proximal part of the mfundibulum, \ entrai to the lateral part 
of this sulcus In the posterior wall the zona externa reaches practically up to the sul-
cus infundibulans The transitional outer zone occupies here the outer layer of the tu-
ber cinereum above the mediopostenor surface of the pars parainfundibulans tubens 
and of an extensive adjacent area in the eminentia postinfundibulans 
I B3 ZONA INTERNA INFUNDIBULI 
The zona interna is a tissue of pituicytes, in the mfundibulum mainly of the fi 
ber type, but of a less dense structure and not conforming to such a fixed plan as 
in the zona externa (fig 16a, b) In this zone, next to the island like transversely cut 
special vessels with their collar of zona externa, blood vessels also occur without such 
a collar Some vessels seem only partly to be covered with a layer of zona externa, 
also in cases in which this zone is clearly recognizable In Bodian preparations many 
nerve fibers are demonstrated ^hich belong to the tractus supraoptico-hypophyseus 
These thick axons can also be visualized by paraldehyde fuchsin after oxidation, which 
stains the neurosecretory material As demonstrated in fig 17b and 29, the supraoptic 
47 
nerve fibers run at some distance from the special vessels as they do not enter the zona 
externa Next to the thick nerve fibers, a number of fine axons are present in the zona 
interna, often intermingled, but clearly prevalent in areas containing very few neuro-
secretory fibers in paraldehyde fuchsin stained sections The latter observation indica-
tes the different nature of the two types of axons In the infundibulum an area with 
mainly fine axons is located in the proximal part of the posterior wall where only 
some neurosecretory fibers run superficial to the nucleus mfundibulans (fig 29c) lea-
ving a considerable layer of zona interna with fine axons This phenomenon was veri-
fied in hypothalami in which the entire supraoptico-hypophysial system was loaded with 
neurosecretory material. Around the ventral tip of the recessus infundibuli the zona 
interna and the narrow ventral end of the wedge of infundibular nerve cells are 
strongly intermingled but, in principle, nerve cells do not occur in the zona interna. 
In Hölzer preparations only a few glial fibers were observed in the zona interna and 
none at all in the zona externa In the adult there are some oligodendrocytes in the zona 
interna as well as in the transitional outer zone of tuber cmereum and infundibulum 
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/ С CELLULAR STRUCTURE OF THE NUCLEUS INFUNDIBULARIS 
The neurons of the nucleus infundibulans are mainly bipolar nerve cells They 
often differ considerably in size and appearance from one individual to another and 
within the same individual In general, when compared with the neurons of the nuclei 
supraopticus and paraventnculans, the infundibular nerve cells are much smaller, espe­
cially in their cytoplasmatic compartment 
In respect of size and appearance, it is possible to distinguish three types of nerve 
cells in the nucleus infundibulans of newborn children Two entirely different types 
and an intermediate type were found The occurrence of the three cell types appeared 
to depend on the location within the nucleus Starting from the nucleus infundibula­
ns of the newborn the nerve cells and their location are described 
I С 1 CELL TYPES IN THE NUCLEUS INFUNDIBULARIS OF THE NEWBORN 
AND THEIR TOPOGRAPHY 
Cell types [ i ] The large cell type Around the recessus infundibuli a conside­
rable amount of large nerve cells (fig 18a) is situated (fig 20) These cells have a 
large ovoid nucleus and a cytoplasm with a surface of 2 to 3 times the nucleur surface 
The perikaryon surrounds the nucleus eccentrically, which gives the cell a plump ap­
pearance The optically fairly empty nuclei have a distinct nuclear membrane and 
contain a weakly stained, but well-delineated, nucleolus Intranuclear vacuoles, which 
usually occur in the adult human hypothalamus (Ra<en¡ick and Muller, 1970), were 
not found Instead, in a number of nerve cells, intranuclear clefts were observed The-
se clefts consist of a very fine invagination of the nuclear membrane situated in the 
karyoplasm like a narrow channel In some cells more than one intranuclear cleft is 
present The Nissl substance in most infundibular neurons is dispersed over the cyto-
plasm but the large type regularly contains flake-like aggregations of basophilic mate-
rial at the periphery of the perikaryon 
[2 ] The intermediate cell type Above the infundibulum in the lateral wing of the 
nucleus infundibulans another cell type is seen (fig 18b) In both size of the cyto-
plasm and karyoplasm, it is intermediate to the large and the third or small type In 
comparison with the small one the more pronounced cell poles are characteristic The 
concentrically enlarged cytoplasmatic zone at the poles being in the extended part of the 
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longitudinal axis of the ovoid nuclei gives this cell type an elongated shape For the 
rest the nuclei resemble those of the large type Intranuclear clefts also occur but no 
vacuoles The intermediate cell type contains markedly less Nissl substance than the lar-
ge type In some cells small Nissl bodies are seen at the poles of the perikaryon but 
usually one only finds a diffuse basophilia 
[3 ] The small cell type In the regio caudahs tubens of newborn children principally 
very small nerve cells are located in the nucleus mfundibulans (fig 18c) In this cau-
dal part of the nucleus the cell density is very high and the cell nuclei all seem iden-
tically equal The spheroid nuclei have a distinct membrane and are surrounded by a 
narrow cytoplasmatic zone The nucleoli, stained weakly in these cells too, are smaller 
than those of the large type and poor m contrast Usually they reveal themselves by 
the omnipresent perinucleolar chromatin bodies Also intranuclear clefts are seen in 
several cells The Nissl substance is represented by a dust like basophilia which can 
be very weak or even absent in some cells which yet have the appearance of a neuron 
It is often located for the greater part in the widest area of the cytoplasmatic zone, the 
cell poles, but these local accumulations certainly cannot be regarded as Nissl bodies 
In none of the mentioned cell types in the nucleus mfundibulans of the newborn 
is paraldehyde fuchsin-positive non-neurosecretory material observed, indicating the 
absence of hpofuscin (see Lnndberg, 1957) 
The cpendymal lining of the floor of the third ventricle in the regio caudahs tubens 
shows a peculiar phenomenon in these children The usual ependyma is replaced here 
by a "matrix-like" structure consisting of two zones each with a different type of cell 
nucleus (fig 19) The typical ependymal nuclei disappear but cytoplasm remains 
visible and separates the ventricular lumen from the multi layered zone of nuclei The 
first zone, on the ventricular side, contains a dense population of very small deeply 
basophilic stained nuclei (fig 19b) They are strongly elongated and have pointed or 
angular extremities The longitudinal axis is often composed of two legs which touch 
at an angle of about 150 degrees The subjacent zone is an accumulation of larger 
round to oval-shaped nuclei with dispersed chromatin and without a nucleolus (fig 
19c) Their karyoplasm is much more translucent than that of the nuclei in the super-
ficial layer This "matrix-like" structure was no longer found in the hypothalamus of 
1 year old children 
Fig 18 Nerve cells of the nucleus mfundibulans of a newborn child Haematoxylm-
eosin Obj magn 40x [a] The large cell type in the infundibulum (AM-part) [b] The 
intermediate cell type in the regio parainfundibulans tubens (AL-part) [c] The small 
cell type in the regio caudahs tubens (LP-part) 
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Fig. 19. "Matrix-like" structure in the most caudal region of the nucleus infundibu-
laris of a newborn. Haematoxylin-eosin. [a] Obj. magn. 4x. [b] Superficial layer con-
taining dark elongated nuclei. Obj. magn. 40x. [c] Deep layer containing oval to 
round-shaped nuclei with dispersed chromatin. Obj. magn. 40x. 
Topography of the three cell types, [ i ] The large cell type. In fig. 20 the distri-
bution of the different cell types in the nucleus infundibularis is indicated schemati-
cally. The large cell type is most frequently seen in the anterior part of the nucleus 
around the recessus infundibuli (fig. 20a, b : AM). In front of the infundibulum, the 
greater part of the nerve cells belongs to the large type but the cell density in the regio 
oralis tuberis is low and never shows a circumscribed nucleus here. In the walls of 
the infundibulum this type is mainly located in an intermediate position between a 
moderately cell-dense inner and a low cell-dense outer zone. In the inner zone the large 
cells are intermingled with smaller ones. Caudal to the sulcus infundibularis the large 
cell type is found in the floor of the third ventricle in a centrally placed zone of the 
eminentia postinfundibularis. This zone soon becomes narrower caudally and finally 
disappears. From the infundibulum extending caudally the large cells are surrounded by 
an increasing number of cells of the two smaller types (fig. 20c). In the parainfun-
dibular part of the nucleus infundibularis some large cells occur as an extension of 
the dense inner zone of the infundibular walls. 
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Fig. 20. Location of the large cell type ( f = j ) in the AM-part and in an adjacent 
area in the floor of the third ventricle in regio caudalis tuberis, the intermediate cell 
tyP6 ( lllllll ) i n t h e AL-part and the small cell type ( ¡gg^ ) in the caudal part of the 
nucleus infundibularis of a newborn. Double hatched area in c) represents the transi-
tion between the regions of the intermediate and small cell type. For abbreviations 
see table XI and p. 81. Cell-dense areas are demarcated by the line around the 
hatched areas. The interrupted line indicates the entire surface occupied by the nu-
cleus infundibularis including less cell-dense areas. Membrana limitans gliae externa 
terminates where the outer surface line becomes thinner. The same transition in the 
ventricular wall indicates the ventral limit of the membrana limitans gliae interna. 
The nuclear measurements were performed in AM, AL and LP. LP is delimited in d). 
In fig. 3, a) can be found at level 241, b) at level 281, c) at level 341 and d) at level 
402. 
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[2] The intermediate cell type This typeis the principle cell in the area dorsal and 
dorsolateral to the sulcus infundibulans, where a high cell density is found (fig 20a, 
b AL) This area is separated from the third ventricle by a moderately cell-dense zone 
continuous with that of the mfundibulum For the rest, a number of these cells occurs 
in other parts of the nucleus infundibulans intermingled with, in particular, the small 
cell type 
[ 3 ] The small cell type In the regio caudahs tubens the frequency of the large and 
intermediate types diminishes and the infundibular neurons largely consist of cells of 
the small type The most caudal part of the nucleus infundibulans is practically exclu­
sively these small nerve cells (fig 20d) At this level the nucleus shows a very high 
cell density in the area medial to the bilaterally constant, large blood vessels, which 
penetrate the tuber in the sulci postinfundibulares and form the dorsolateral boun­
daries of the caudal end of the cell group This area is also separated from the third 
ventricle by a moderately cell-dense zone 
I С 2 CELLS IN THE NUCLEUS INFUNDIBULA.RIS OF SUBJECTS FROM 1 YEAR 
OF AGE TO ADULTS 
The density of the neuronal population of the nucleus infundibulans in compa­
rison with that of the newborn is reduced in general, but most markedly in the regio 
caudahs tubens (compare fig 18c and 21c) The nerve cells in the central zone of the 
infundibular walls belonging to the large type are unchanged except for some minor 
differences The amount of Nissl substance seems to be increased and the nucleoli are 
more strongly basophilic and often larger (fig 21a) This phenomenon is also obser­
ved in the area where the intermediate cell type was found originally (fig 21b) and in 
other hypothalamic nuclei In the parainfundibular part of the nucleus infundibulans 
of the adult the neurons have become very similar to the large type in size and appea­
rance In cresyl violet preparations this area is more distinct than in the newborn The 
moderately cell-dense inner zone of the mfundibulum and the parainfundibular and 
caudal periventricular zone of the nucleus infundibulans show a variety of cell sizes 
in contrast with the uniform neurons in the area dorsolateral to the sulcus infundibu-
Fig 21 Nerve cells of the nucleus infundibulans of a 17 year old individual Cresyl 
violet Obj magn 40x [a] Nerve cells in the mfundibulum (AM-part) [b] Nerve cells 
in the regio parainfundibulans tubens (AL-part) [c] Nerve cells in the regio caudahs 
tubens (LP-part) 
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kris and in the lateral wing of the posterior part of the nucleus. The nerve cells of 
the latter part of the cell group are increased in size in the adult (fig. 21c). The cell 
nuclei are larger and often oval-shaped but the cytoplasm remains relatively small and 
contains less Nissl substance than in the anterior region of the nucleus infundibularis. 
However, before adulthood the nerve cells in the posterior part of the nucleus in 
many individuals still have the same small round nuclei with a poorly stained nu-
cleolus as was seen in the newborn. Though topographical differences in cell types 
are recognizable in the adult, these are less obvious than in the newborn, especially 
with regard to the original large and intermediate types. 
Intranuclear clefts are present in many neurons in all locations of the nucleus in-
fundibularis. While these clefts already occur in the newborn, the first intranuclear 
vacuoles were seen in a 5 year old child. From this age on, these vacuoles occur in the 
anterior part of the nucleus infundibularis of some children. In the adult they arc 
regularly seen but intranuclear clefts are always much more frequent. Often there are 
^4t 
g · t 
mSkÈ 
І · * · Fig. 22. Intranuclear vacuoles and clefts in the nerve cells of the nucleus infundibu­
laris. Cresyl violet. Obj. magn. 40x. 
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two or more clefts in a cell nucleus which even seem to anastomose occasionally 
Transversely cut clefts or small vacuoles may create the impression of the presence of 
more nucleoli in one nucleus (fig 22d) In cresyl violet preparations several vacu­
oles contain barophihc material In t h ; case of a dust-like basophilia, the whole vacu­
ole can be filled (fig 22a) More often the substance is dense like Nissl bodies and 
is attached as a rind to the nuclear membrane surrounding the vacuole (fig 22b, c) 
Sometimes dense basophilic material is also seen in the intranuclear clefts and appears 
as a dark channel (fig 22c) Fig 22d shows two nuclei with several small vacuoles 
In some nuclei it seems that the cleft connects the vacuole with the perikaryon This 
phenomenon and the occurrence of baiophihc material inside the vacuole are indica­
tive of the cytoplasmatic nature of these, therefore indirect, nuclear inclusions 
In the nucleus infundibulans some peculiar nerve cells occur ranging from cells 
with lobate nuclei to cells with two or more nuclei Sometimes such nuclei are com­
posed of two large nuclear lobes connected with one another by a narrow karyoplas-
matic bridge In the newborn, lobate cell nuclei were not found 
Granules of paraldehyde fuchsin positive non-neurosecretory material, probably 
representing or related to hpofuscin (Lundbe\g, 1957), are already observed in the 
infundibular neurons of 4 year old children In young individuals some hpofuscin 
granules occur in a number of nerve cells, especially in the anterior part of the nucleus 
infundibulans In this cell group the amount of these granules remains small for ma­
ny years but in individuals in the range of 50 to 60 years of age they are clearly in­
creased In the nuclei tubens laterales the hpofuscin always is much more abundant 
than in the nucleus infundibulans Often it fills the entire perikaryon of the lateral 
tuberai nerve cells Concerning the hypothalami of children of 11/2 to 4 years of age 
no data are available 
I С 3 CELLS OF THE NUCLEUS INFUNDIBULARIS IN ADVANCED AGE 
The infundibular nerve cells in old individuals are enlarged considerably In 
comparison with the newborn this increase in size is very apparent in the parainfundi-
bular (fig 23b) and the caudal parts (fig 23c) of the nucleus infundibulans and 
makes it a very distinct hypothalamic cell group Most neurons over the entire nucleus 
have a comprehensive perikaryon and contain an increased amount of Nissl substance 
Though this substance is still often dust like, Nissl bodies are much more frequently 
seen than in young individuals In advanced age, differences in cell type between the 
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aforementioned locations within the nucleus infundibularis are not obvious anymore. 
Nerve cells of a variable size are located in the moderately cell-dense periventricular 
zone of this nucleus. These are generally smaller and poorer in Nissl substance than 
the cells in the other parts of the cell group. In this age group, the cell nuclei of the 
nucleus infundibularis show intranuclear clefts and an increased number of vacuoles. 
Particularly, there appear to be more larger vacuoles. Some of them are of such a size 
that they almost occupy the entire nucleus leaving a narrow crescent-shaped karyo-
plasm containing the nucleolus which is squeezed between the membranes of the nu­
cleus and of the vacuole. The intranuclear vacuoles often contain basophilic material. 
In a number of the individuals of 78 to 90 years of age a few extremely large 
cells (fig. 24) were met with in, or just above, the posterolateral wall of the infundibu-
lum. They are several times larger than a supraoptic cell. The centrally situated, well-
delineated nucleus with a large nucleolus is surrounded by an extensive perikaryon. 
The Nissl substance in these cells is dispersed around the nucleus leaving the peri­
phery of the cell body empty. Only a small amount of lipofuscin granules is seen near 
%f т. 
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Fig. 24. Extremely large nerve cell near the sulcus infundibularis in an 81 year old 
individual. Haematoxylin-eosin. Obj magn. 40x. 
Fig. 23. Nerve cells of the nucleus infundibularis of an 81 year old individual. Cresyl 
violet. Obj. magn. 40x. |a] Nerve cells in the infundibulum (AM-part). [bj Nerve cells 
in the regio parainfundibularis tubens (AL-part). [c] Nerve cells in the regio caudalis 
tuberis (LP-part). 
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the cell membrane Intranuclear clefts or vacuoles do not occur in these cells It is 
very unlikely that they are wandering cells of the nucleus tuberomamillans or nucleus 
supraopticus as the latter are smaller, have Nissl bodies and their nuclei are usually 
eccentrically situated. Also paraldehyde fuchsm-positive neuresecretory material was 
never found, nor was so much hpofuscin as is seen in the tuberomamillary neurons 
Moreover, the cells of the mentioned cell groups were never found near the posterior 
part of the sulcus infundibulans in younger subjects In these individuals structures 
composed of a cytoplasm of the same large size with the remnants of a nucleus in its 
periphery were also noticed. 
In the nucleus infundibulans and other hypothalamic cell groups the amount of 
hpofuscin granules is considerably increased in old age However, m no infundibular 
nerve cell does so much hpofuscin occur as in those of the nuclei tubens laterales. 
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1 D HISTOCHEMICAL DEMONSTRATION OF MONOAMINES IN 
THE VEN!RAL HYPOTHALAMUS AND THE 
1NFUNDIBULUM 
I D 1 FORMALDEHYDE-INDUCED FLUORESCENCE OF MONOAMINES 
Of 17 patients the ventral part of the poorly myelinated hypothalamus was trea-
ted according to the histochemical fluorescence technique of Falck-Hillarp for mono-
amines (table X) In the fluorescence microscope used, the monoamines appeared as 
structures of a green and a yellow-green to green formaldehyde-induced fluorescence 
( = FIF) This difference in emitted light may depend on the concentration of the 
fluorescent substance, in particular, high concentrations of primary catecholamines can 
give a yellowish instead of a green FIF (Fuxe et al, 1970) In the periphery of dense 
and intense yellow-green fluorescent structures, which are usually are of a considerable 
size, a shift towards green was observed The yellow aspect diminished according to the 
length of time that the sections were submitted to excitation or had been stored, 
and instead a less intense green FIF was seen in these structures The green FIF ot 
the other structures consists of smaller masses, of dots, single or in small groups, and 
of large diffuse aggregations of the latter The fluorescence from these green dots 
fades faster than that from the larger yellow-green FIF structures, which however be-
come a weaker green in the course of time Though it seems that the yellow-green 
aspect reflects higher concentrations of fluorescent material, possibly of monoami-
nes, the yellow component in these structures may also be due to the presence of still 
another fluorophore in the same structure 5-Hydroxytryptamine is known to give a 
yellow FIF which has a much higher rate of photodecomposition than the FIF of the 
catecholamines Different populations of yellow-green to green and of yellow FIF were 
not found If these hypothalami contained 5-hydroxytryptamine, we were unable to dif-
ferentiate its fluorescence from the catecholamine FIF under the given circumstances 
The absence of the mentioned fluorescent structures in sections of tissue blocks prepa-
red according to this histochemical technique, except for the exposure to paraformalde-
hyde gas, and its disappearance after reduction by sodium borohydnde, indicate their 
formaldehyde-induced nature, specific for the presence of monoamines 
61 
I D.2. AUTOFLUORESCENCE 
In all studied hypothalami, except those of young children, much autofluores-
cent material occurred. This non-specific fluorescence, usually of intracellular locati­
on, consists of yellow to brown-yellow and yellow-brown structures which were clearly 
distinguishable from the FIF emitted by the monoamines (fig. 28a-g). Moreover the­
re are morphological differences. The yellow to brown-yellow autofluorescence ap­
pears as aggregations of clump-like or coarse granules, often occupying an extensive 
area of the cytoplasm. This substance, very probably lipofuscin, did not occur in the 
11/2 У е а г old child. In the adult, in particular the nuclei tuberis laterales (fig. 28d) 
and the nucleus tuberomamillaris are rich in this type of autofluorescence, especially in 
advanced age, but it was ne^er seen in the nuclei supraOpticus and paraventricularis. 
The yellow-brown substance is composed of small uniform granules in a variable 
amount in most cell bodies (fig. 26f, 28a-c). Also in the young child these granules, 
though more yellowish, are present, showing their highest frequency in the nerve cells 
of the nuclei tuberis laterales. Possibly they represent lysosomes or some pre-stage of 
lipofuscin. Near the tuberai blood vessels there are some larger yellow autofluorescent 
masses of a variable size. Both types of autofluorescence are stainable by paraldehyde 
fuchsin. The connective tissue of the pia mater, mantle plexus and around tuberai ves­
sels shows a strong green autofluorescence (fig. 27a, 28e), but not so much in the 
young child (fig. 27e). In the child several FIF fibers, probably sympathetic nerve 
fibers, were seen in the blood vessels on the outer surface of the tuber cinereum (fig. 
Fig. 25. Monoaminergic fibers around blood vessels in a I1/« year old child. Obj. 
magn. 40x. [a] FIF fiber in the plane of section and a FIF mass in the transitional 
outer zone, [b] Transversely cut FIF fibers. 
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25a, b) m contrast with their exceptional occurrence in the adult Possibly, the FIF in 
these nerve fibers is not obvious when situated between the green autofluorescent con-
nective tissue 
I D 3 CONTENT OF FORMALDEHYDE-INDUCED FLUORESCENCE IN THE 
VENTRAL HYPOTHALAMUS AND PROXIMAL INFUNDIBULUM OF 
DIFFERENT INDIVIDUALS 
The quantity of FIF in the different hypothalami varied considerably From the 
series of cases not treated with drugs known to affect the monoamines, it appeared 
that the amount of green and yellow-green FIF is less according to the length of time 
elapsing between death and autopsy Within the first 8 hours after death usually 
much monoamine fluorescence can be demonstrated, but also after many hours in so-
me cases In a case treated with L-dopa and an autopsy delay of 31 hours, more FIF 
occurred than in untreated cases obtainable much sooner Therefore, the small amount 
of FIF in other hypothalami cannot entirely be attributed to loss of the monoamines 
by diffusion and most probably individual differences are of importance as well 
Generally except for some FIF in the region of the nucleus infundibulans and in the 
regio suprachiasmatica, no particular preference was seen with regard to location in 
the hypothalami poor in this substance Only in 5 cases containing much green and 
yellow-green FIF (table X) , could distinct ICH al differences be established As it was 
impossible to obtain the tissue immediately after death, the results in fact are a shaded 
impression of the real situation if it is assumed that diffusion affects the monoaminer-
gic structures everywhere to the same extent Besides diffusion, other limiting factors 
in the interpretation of the location of monoamines are the artefacts produced by auto-
lysis and freezing, giving cracks in the tissue and affecting the cell structure 
I D 4 DISTRIBUTION OF FORMALDEHYDE-INDUCED FLUORESCENCE OF 
MONOAMINES 
In fig 29 the distribution of FIF, as found in an adult, is indicated schemati 
cally and is compared with the course of the neurosecretory fibers of the supraoptico-
paraventnculo-hypophysial system The star symbols in the diagram are the large yel-
low-green FIF structures, representing the monoamines in nerve cell bodies and proba-
bly in a number of very large fiber varicosities For these FIF structures also occurred 
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Fig. 26. Moncaminergic structures in the tuber cinereum. [a) FIF in nerve cells and 
their processes in the nucleus infundibularis. Obj. magn. 25x. [b] FIF cell in which 
the nucleus appears as a dark area (arrow). Obj. magn. 40x. [c] Subependymal nerve 
cells of the nucleus infundibularis containing FIF. Obj. magn. 40x. [d] FIF cell sl­
ot 
in areas where no nerve cells are situated (fig 27c, d) Regularly, the entire cyto-
plasm is loaded with FIF (fig 26a d) , which sometimes is seen to extend into the cell 
process (fig 26a) The nucleus often cannot be recognized but in a few cells it ap-
pears as a dark cavity (fig 26b) The black dots in fig 29 indicate the occurrence of 
monoamines as small FIF masses and small groups of green fluorescent dots They 
represent monoamine containing nerve fibers and terminals around nerve cells and 
possibly on other axons (fig 28b, d) The nerve fibers appear as varicose fibers when 
caught in the plane of section (fig 26e, 28f) Often, it is difficult to decide whe-
ther the FIF is located intra or extracellularly in the case of small fluorescent struc-
tures at the periphery of the nerve cell body 
In the hypothalamus described in fig 29, in particular the nucleus infundibu-
lans (fig 28a, b) , the nucleus dorsomedialis (fig 28c) and the regio suprachiasma-
tica (fig 28e) appeared to be rich in FIF The fluorescent area in the latter region 
can be found in Nissl preparations as a small cell group consisting of very small ner-
ve cells The nucleus mfundibulans contains the most FIF cell bodies They are more fre-
quent in the rostral part than in the caudal part of the nucleus Around the infundi-
bular nerve cells a few FIF dots are often situated (fig 28b) This dot like fluorescence 
also occurs in the intercellular substance, sometimes in a chain with the appearance of 
a varicose fiber The subependymal area of the nucleus mfundibulans shows much 
FIF, both in cells (fig 26c, d) and in fibers (fig 26e) On the contrary, the mem 
brana limitans ghae interna in other regions of the hypothalamus only occasionally 
contains a varicose fiber or green dotted fluorescence In these regions, FIF can be 
found at some distance from the ependymal cell layer (fig 28e, f) However, in the 
regio suprachiasmatica a fluorescent fiber was even observed going to, and ending as 
an enlargement between, the ependymal cells In the region of the nucleus mfundibu-
lans varicose fibers and fluorescent dots are regularly in close contact with the epen-
dyma (fig 26e) In the transitional outer zone, there are many fine FIF structures 
and a few varicose fibers (fig 27a, b) Laterally, this fluorescent layer, though 
narrowing, continues above the row of astrocyte cell bodies of the membrana limitons 
ghae externa (fig 27a, b) Somewhat ventral to the sulcus mfundibulans the fine 
dotted green FIF diminishes rather abruptly In the transitional outer zone, many large 
FIF structures also occur which very probably are not cell bodies but large fiber vari-
cosities (fig 28g) In this zone the fluorescent structures are often situated directly 
tuated practically against the ependyma of the recessus mfundibuli Obj magn 40x 
[e] Varicose fiber terminating against the ependymal cells of the recessus mfundibuli 
Obj magn 40x [f] FIF and autofluorescence large arrows indicate monoamine fluo-
rescence and small arrows indicate autofluorescence Obj magn 40x a), e) and f) are 
from an adult individual b), c) and d) are from a I'/i year old child 
65 
Fig. 27. Monoaminergic structures in the ventral tuber cinereum and the infundibu-
lum. [a] FIF layer en the membrana limitans gliae externa and proceeding in the 
transit ional outer zone. Obj. magn. lOx. [b] Idem. Medial to the sulcus infundibularis 
the FIF in the transitional outer zone approaches the mantle plexus. Obj. magn. П ах. 
[cj Large FIF mass in the transit ional outer zone against the mantle plexus. Obj. 
magn. 40x. [d] FIF in the zona interna and externa of the infundibulum in the vicinity 
against the extension of the mantle plexus (fig 27c) These large masses are seen in 
the mfundibulum as well, mainly in the zona interna and some near the blood vessels 
of the zona externa (fig 27d) In the eminentia postmfundibulans, FIF often occurs 
in close contact with the \ascular layer of the zona neurovasculosa (fig 28h) The 
mfundibulum, when compared with the area occupied by the nucleus infundibulans, 
is relatively poor in fine green fluorescent dots At the level of the anterior and ante-
rolateral walls there is some FIF on the membrana limitans gliae externa (fig 28g) 
As shown in fig 29, the ventral part of the nucleus paraventnculans is included 
m this hypothalamus and has the same density of monoamine fluorescence as the nu-
cleus dorsomediahs Around the large nerve cells of the ventromedial part of the nu 
deus supraOpticus only a few green fluorescent dots are located In the nuclei tubens 
laterales there always are some distinct varicose fibers and separate FIF dots, both ob-
served to be in contact with the nerve cells (fig 28d) Occasionally, a fluorescent 
nerve cell is situated in the region of these nuclei but it is quite different from the 
usual strongly brown yellow autofluorescent cells of the nuclei tubens laterales which 
never contain FIF The nucleus ventromedialis has locally a few fluorescent cells 
but, on the whole, it is poor in monoamine fluorescence In the region of the nucleus 
tuberomamillans there are, as well as several FIF fibers, a number of large cells contai-
ning abundant green fluorescence In the anterior part of the hypothalamus, from the 
monoamine fluorescent region just above the chiasma opticum towards the supraop-
tic crest of the lamina termmalis, the fluorescent cell bodies disappear gradually while 
a considerable amount of fine green fluorescence is still present In this part of the 
regio suprachiasmatica local aggregations of this fluorescence occur 
In two other adult individuals a similar distribution was found, except that the 
regio suprachiasmatica and nucleus dorscmedialis did not show so much FIF as in the 
case described in fig 29 In the region of the nucleus infundibulans, the mfundibu-
lum and the transitional outer zone, including the neural component of the zona neu-
rovasculosa, much FIF was observed Also m the lamina termmalis at the level of the 
supraoptic crest some diffuse aggregations of fine green dotted FIF, probably fine 
monoamine-containing nerve fibers, occurred In the patient treated with L-dopa, the 
same cell groups as described in fig 29 contained a considerable amount of FIF but 
the transitional outer zone and mfundibulum were not striking at all In this case the 
autopsy delay had been very long 
The 11/2 year old child was the only individual that showed a diffuse, not dot-
ted, greenish fluorescence in the zona externa of the mfundibulum (fig 27e) In this 
of the special vessels Obj magn 25x [e] FIF layer in the transitional outer zone 
and zona externa of a I'/s year old child Ob] magn lOx Except for e), which is 
from a I'/a year old child, all figures are from an adult 
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Fig 28 Monoaminergic structures in the ventral hypothalamus and the infundi-
bulum The green to yellow-green fluorescence represents FIF of the monoamines 
The yellow-brown and the yellow to brown-yellow fluorescence is autofluorescence, 
probably mainly from hpofuscin and lysosomes The yellow-green autofluorescence 
around the outer margin of the nervous tissue is autofluorescence from the connec­
tive tissue layer of the pia mater and from the connective tissue of the mantle plexus 
The differences between the various fluorescent structures, particularly the smaller 
ones, in the photographs can be more clearly seen with the aid of a magnifying-glass 
The arrows indicate the levels at which the structures mentioned below can be found. 
[a] Nucleus infundibulans containing several FIF cell bodies (arrows) and smaller 
FIF structures Obj magn 12'/ax 
[b] FIF cell body (arrow) and finer FIF structures, of which several are situated 
against the nerve cells of the nucleus infundibulans Obj magn 25x 
[c] A number of yellow-green FIF cell bodies (arrows) in the nucleus dorsomedialis and 
some smaller green FIF elements next to autofluorescent granules Obj magn 25x 
[d] Nerve cells of the nuclei tubens laterales filled entirely with brown-yellow auto-
fluorescent granules On these nerve cells several FIF structures, probably mono­
aminergic terminals, are observed Obj magn 25x 
[ej Regio suprachiasmatica containing some yellow-green FIF cells (arrows) and 
much green FIF Note the green autofluorescent connective tissue of the pia mater 
Obj magn \2Чгх 
[f] Varicose fiber (arrow) underneath the membrana limitans ghae interna and some 
yellow and yellow-brown autofluorescence in the floor of the recessus supraopticus 
Obj magn 25x 
[g] A few large green to yellow-green FIF masses (arrows) at the level of the ante­
rolateral part of the sulcus above the membrana limitans gliae externa on the left 
and in the transitional outer zone on the right Also here the connective tissue of 
the pia mater and the mantle plexus shows a green autofluorescence Obj magn 
ПЧгх 
[h] Neural layer of the zona neurovasculosa m the emmentia postmfundibularis The 
green FIF fiber (arrow) is in close contact with the capillaries in the outer part of 
this layer Obj magn 25x 
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Fig. 29. Distribution of FIF of monoamines (MA) is indicated in the left half of each 
diagram. The course of the tractus supraoptico-hypophyseus containing the neuro-
secretory material (NSM) is indicated on the right. For abbreviations see table XI. 
The x-line indicates the upper margin cf the dissected part of the hypothalamus used 
for the demonstration of monoamines in this diagram. 
[a] Frontal section through the chiasma opticum and infundibulum 
[b] Frontal section through the anterior tubero-infundibular region near level 330 in 
fig. 11. 
[c] Frontal section through the hypothalamus and posterior infundibular wall near 
level 250 in fig. 11. 
zone also large FIF masses were seen. These phenomena are an indication in favour of 
the existence, also in man, of a zona externa containing very fine FIF nerve fibers, 
which are too small to be recognized as separate fibers. The recognition of fine fibers 
is also interfered with by a degree of diffusion of the monoamines. In the hypophyses 
of three monkeys, treated similarly to the human material but frozen immediately af-
ter death, there was a distinct, diffusely fluorescent zona externa, following the inter-
nated special vessels of the mantle plexus into the deeper layers of the infundibulum. 
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Ι E THE NI UROSECRbTORY FIBER 7 RACTS FROM THE NUCLEI 
SUPRAOPTICUS AND PARAVENTRICI!LARIS 
Ι E 1 THE NEUROSECRETORY MATERIAL 
To study the pathway of the tractus supraoptico-hypophyseus, the paraldehyde 
fuchsin stain was applied which, after oxidation, visualizes the neurosecretory material 
However, other structures are also susceptible to this reagent, such as elastic fibers, 
lipofuscin and pituitary pigments It is necessary to be able to distinguish the neuro­
secretory material from the other intracellular paraldehyde fuchsm-positive substan­
ces because in the basal hypothalamus and infundibulum respectively lipofuscin and pi­
tuitary pigments do occur The neurosecretory material is represented by a deep metallic 
blue substance consisting of very fine dots, aggregations of these, and clump-like for­
mations The local enlargements filled with neurosecretory material give the neuntes 
the aspect of a "string of pearls" ("Perlschnur" of Bargmann, 1949) (fig 30e) The 
Herring bodies vary from intensely stained, homogeneous masses with or without a 
translucent centre to a kind of skeleton of such a body bounded and divided by chains of 
neurosecretory dots and containing local accumulations of these dots Often several 
processes are seen radiating from the Herring bodies (fig 30c) Two other intracel­
lular substances found by Lr/ndbetg (1957) in chrome alum-haematoxylin treated 
sections and also stainable with paraldehyde fuchsin, are, according to this author, re 
lated to lipofuscins histochemically His "/3-type" appeared m our material as diffu­
sely stained, violet granules of a uniform small size but with increasing age a large 
part of this substance consists of coarser structures often in dense accumulations These 
granule: were found in thalamic and cortical cells as well as in hypothalamic cell 
groups, in particular the nuclei tubens laterales However, the nuclei supraopticus and 
paraventriculans never showed this "/3-type" of paraldehyde fuchsin-positive material 
The "γ-type" of Lundbeig could not be differentiated from the dot-like configura­
tion of the neurosecretory material but this is not relevant in the description of the 
course of the neurosecretory fibers as this substance only occurs in the cell bodies and 
proximal part of the neuntes of the nuclei supraopticus and paraventriculans 
In paraldehyde fuchsin stained sections the background remains unstained In 
dark field microscopy the background is visible due to a slight fluorescence while the 
paraldehyde fuchsin-positive material shows a strongly contrasted yellow lumines­
cence However, an accurate differentiation between neurosecretory material and 
pituitary and lipofuscin pigments is only possible m the light microscope The fluo­
rescence photographs in fig 30 and 31 are from an hypothalamus and infundibulum 
containing hardly any of these pigments 
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Ι E 2 CONTENT OF NEUROSECRETOKY MATERIAL IN THE VENTRAL 
HYPOTHALAMUS AND INFUNDIBULUM OF DIFFERENT INDIVIDUALS 
In most individuals, neurosecretory material was demonstrated with paraldehyde 
fuchsin in a small number of supraoptic and paraventricular nerve cells and in some 
fibers and Herring bodies The last two structures predominantly occur in the infun-
dibulum of which only the proximal part was available for study The neurosecretory 
fibers in the tuber cinereum are often arranged around blood vessels In 3 out of 61 
cases the entire supraoptico-paraventriculo hypophysial system appeared to be loaded 
with neurosecretory material, both in the nerve cell bodies (fig 30a, b) and in the 
fibers (fig 30d, e) Also many Herring bodies (fig 30c) were encountered In these 
specimens the course of the fibers of the neurosecretory system can easily be followed 
In the description of this system given in fig 29 one of these three cases was used 
Ι E 3 COURSE OF THE NEUROSECRETORY FIBERS OF THE TRACTUS 
SUPRAOPTICO-HYPOPHYSEUS 
The majority of the neurosecretory fibers from the different parts of the nucleus 
supraopticus (fig 29c, 30a) enter the regio oralis tubens and regio parainfundibula-
ns tuberis and proceed in a ventromedial direction towards the hypophysial insertion 
area (fig 29b, с, 30d) The fibers reach the infundibulum at the level of its anterior and 
anterolateral walls (fig 29b, 31a) Most neuntes of the nucleus paraventnculans go 
by way of the dorsomedial part of the nucleus supraopticus while some fibers descend 
directly towards the hypophysis along the lateral wall of the third ventricle and reces-
sus infundibuh (fig 29c) Except for these latter fibers in the periventricular area of 
the nucleus infundibulans, hardly any neurosecretory fibers traverse this cell group 
Instead, they cover its anterior and anterolateral surfaces Just behind the chiasma op-
ticum many fibers enter the macroscopical hypophysial stalk in which the pars oralis 
tuberis probably has been incorporated, and are situated initially between the anterior 
surface of the wedge of infundibular nerve cells and the membrana hmitans ghae 
externa In the proximal part of the anterior infundibular wall and contiguous tube­
rai arca, the supraoptic fibers from both sides join and form an extensive and very 
dense meshwork of neurosecretory material, due to a partial decussation (fig 30e) 
Lateral to the nucleus infundibulans the descending fibers converge between the ven­
trolateral surface of the cell group and the membrana hmitans ghae externa (fig 29b, 
c) On entering the infundibulum they proceed partly in the anterior area of the tran­
sitional outer zone Towards the posterior wall of the infundibulum, the number of 
neurosecretory fibers in this zone decreases considerably (fig 29c) 
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Fig. 30. Fluorescence of neurosecretory material stained by para ldehyde fuchsin. 
[a] Nucleus supraopticus pars dorsolateralis loaded with neurosecretory material. 
Obj . magn. 4x. [b] Idem. Obj. magn. 40x. (c| Herring body in regio parainfundibulans 
tuberis. Obj. magn. lOx. [d] Neurosecretory fibers in regio parainfundibularis tuberis 
descending towards the infundibulum. Obj magn. 4x. (e) Neurosecretory fibers above 
the insertion of the anterior wall of the infundibulum. Obj. magn. lOx. 
7.1 
As observed in fig. 29b, the fiber system in the pars cava infundibuli has a position 
superficial to the wedge of nerve cells and constitutes a kind of mantle around this 
wedge. At the proximal limit of the zona externa the neurosecretory fibers turn in-
wards and travel in the zona interna (fig. 29b). The zona externa is practically de-
void of neurosecretory material (fig. 31b). In the proximal part of the posterior in-
fundibular wall, the few fibers present here do not spread over the zona interna but 
only occupy its innermost layer situated directly against the wedge of nerve cells (fig. 
29c). In Bodian preparations, the remaining outer area of this zone contains many 
fine axons and but a few thick ones. More distally in the zona interna of the posterior 
wall many more neurosecretory fibers occur. In the pars compacta they occupy almost 
the entire zone, bending around the special vessels with their cover of zona externa 
tissue or directly around vessels without such a layer (fig. 29a). In the deeper layers 
of the infundibulum in fig. 29a the zona externa is not indicated on the special ves-
sels because it was difficult to differentiate this zone from the zona interna in this 
case. Moreover, there seemed to be several vessels which were only in part covered 
with zona externa. 
Fig. 31. Fluorescence of neurosecretory material stained by paraldehyde fuchsin. 
|a] Neurosecretory fibers after entering the anterior wall of the infundibulum and 
passing on to the posterior lobe around the islands of special vessels and their cover of 
zona externa. Obj. magn. 4x. [b] Zona interna of the infundibulum is loaded with 
neurosecretory material in contrast to its absence in the zona externa. Obj. magn. 
lOx. 
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I F SUMMARY OF STRUCl URAL ASPI-CTS OF THE TUBERO 
INFUNDIBULAR REGION OF THE HUMAN HYPOTHALAMUS 
The nucleus infundibulans in man has an intimate topographical relation with the 
proximal hypophysis as it occupies the innermost layer of the entire pars cava infundi-
buh and the tuberai region adjacent to the insertion of the hypophysis into the hypo-
thalamus Unlike in lower mammals, this cell group extends strongly into the regio cau-
dalis tubens, which is the largest region of the human tuber cinereum, and takes up the 
principle part of the eminentia postinfundibulans The nucleus infundibulans is easi-
ly recognized in the ventral hypothalamus by its cell density, the absence of membra-
na limitane gliae interna and the presence of a special type of ependyma over its ventri-
cular surface, and the absence of membrana limitans ghae externa and contiguous pial 
layer over its outer surface 
The transition of tuber cinereum into infundibulum in man is not abrupt and does 
not coincide with its macroscopical delineation, / e the sulcus infundibulans, but con-
sists of an extensive area called the transitional outer zone This zone is characterized 
by the absence of membrana limitans gliae externa and of nerve cells, the termination 
of ependymal fibers, its poorness in glial fibers and cells, except for some oligoden-
drocytes, and its richness in fine axons In the tuber cinereum, the transitional outer 
zone is situated in the outer zone of the mediopostenor part of the regio parainfundibu-
lans tubens and of the largest part of the eminentia postinfundibulans 
The central part of the transitional outer zone in the eminentia postinfundibu-
lans is the nervous component of the so-called zona neurovasculosa which, in this 
study, represents a firmly connected double layer of this nervous tissue and the adja-
cent vasculature The vascular layer, part of the neurovascular zone of Gieen (1948), 
structurally appeared to be an extension of the mantle plexus because it is continuous 
with this plexus, and because of the absence of the pial-glial membrane, the presence 
of many blood vessels and capillaries with loosely arranged connective tissue and the 
firm attachment to the nervous tissue The neural component of the zona neurovascu-
losa is distinguished from the rest of the transitional outer zone by the presence of 
fiber pituicyte like cells The structural plan of this neural layer is similar to that ob-
served on the internated special vessels at the level where they reach the wedge of in-
fundibular nerve cells, and which is also found at the level where zona externa passes 
into transitional outer zone In other words, this structure resembles the loosening 
zona externa at its innermost limit of internation and its proximal limit in the infun-
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dibulum, particularly evident at the insertion of the posterior infundibular wall into 
the tuber cinereum Moreover, the neural component of the zona neurovasculosa is an 
tenorly continuous with the mentioned terminal parts of the zona externa, delineated 
from each other by the posterior margin of the sulcus infundibulans on the outer sur-
face For these reasons, the neural component of the zona neurovasculosa is regarded 
as an extension of the zona externa, which is supported by the finding of fine nerve 
fibers and monoammergic terminals in both zones and of a similar vasculature on the 
se zones The presence of this pituitary like tissue in the tuber cinereum is indicated 
in fig 1 by the double hatched area in the regio parainfundibulans tubens and the 
eminentia postinfundibulans, dorsal and caudal to the insertion of the posterior in-
fundibular wall 
In the hypophysis, tuberai tissue is found in the proximal part of the anterior 
infundibular wall in the double hatched area in fig 1 This area probably represents 
the former pars oralis tubens which, during ontogenesis, was incorporated in the 
macroscopical hypophysial stalk as delineated by the sulcus infundibulans in the adult 
The innermost layer of the pars cava infundibuli around the recess also consists of tuberai 
tissue due to the presence of the wedge of nerve cells of the nucleus infundibulans 
In the human infundibulum, nowhere is a simple two-zonal structure seen becau 
se the wedge of nerve cells surrounds the entire recessus infundibuli Moreover, the 
structural plan of the infundibulum is complicated by the strong internation of the 
special vessels which are accompanied by a cover of zona externa tissue The zona in-
terna and externa can often be easily distinguished, except in the infundibuli of indi-
viduals at an advanced age 
In man ependymal processes originate from the ventricular lining over the nu-
cleus infundibulans They reach the outer surface in the transitional outer zone, main 
ly in its tuberai part As seen before, the vasculature on this zone is an extension of 
the mantle plexus and, therefore, an ependymal link between the cerebrospinal fluid 
and the hypophysial portal circulation is quite possible in man Several ependymal fi-
bers terminate on capillaries in the region of the nucleus infundibulans This cell 
group seems to be supplied, for a considerable part, by blood vessels which arise from 
the extension of the mantle plexus, enter the tuber cinereum and proximal infundi-
bulum in the transitional outer zone, and can reach as far as the ependymal cell layer 
This phenomenon is also suggestive of the mentioned transependymal link From the 
zona neurovasculosa and its transition into zona externa, fiber pituicyte like cells and 
fiber pituicytes arise which proceed towards the ventral tip of the third ventricle 
Nearer to the ventricle they increasingly resemble ependymal fibers The fiber pitui 
cytes and fiber cells, which possibly are modified ependymal fibers or fiber pituicytes, 
represent a link similar to the ependymal fibers 
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In the nucleus infundibulans of the newborn three different types of nerve cells 
occur which each have a preferential location within the cell group The large type 
with a large perikaryon and relatively considerable amount of Nissl substance, is situ-
ated in the pars cava infundibuh around the ventricular recess, in fact very near to the 
zona externa, and in the eminentia postinfundibulans above the zona neurovasculosa 
In the parainfundibular part of the nucleus infundibulans, the intermediate cell type 
and in the posterior part, most distant to the infundibulum, the rmall type is located 
Before and during adulthood, changes take place in which the two smaller types come 
to resemble the original large type, but this occurs in the intermediate type sooner 
than in the small one The large type remains very much the same m this period In 
old age all three types are enlarged and rather similar to one another 
In Bodian preparations the tractus tubero-hypophyseus has been demonstrated 
It enters the infundibulum at the posterior and posterolateral margin of the sulcus in-
fundibulans and disperses over the zona interna This tract seems to come from the 
posterolateral part of the nucleus infundibulans, at least in part to originate there, and 
to proceed on the ventral surface of the cell group toward the infundibulum From 
the nerve cells of the parainfundibular part of the nucleus infundibulans several 
axons are directed straight away to the entrance area of the infundibulum The occur-
rence of fine axons in the zona externa indicates that this tract reaches the zona exter-
na, in contrast with the thick axons which are only observed in the zona interna The 
thick axons belong to the tractus supraoptico-hypophyseus which enters the infundibu-
lum in its anterior and lateral walls These findings were confirmed in paraldehyde 
fuchsin-stained sections by the demonstration of neurosecretory material Contrary to 
earlier belief, this substance appears to be present in some cases in the entire course 
of the supraoptico-paraventnculo-hypophysial system 
With the fluorescence technique for monoamines the neurotransmittor is visuali-
zed predominantly in the preterminal and terminal parts of the neuron (Falck. 1962) 
confirming the earlier findings of ion Enlei (1961) Therefore, it is assumed that the 
demonstrated FIF represents mainly preterminal and terminal neuronal elements, at 
least in hypothalami of patients net treated with drugs known to interfere with neu-
rotransmittors The presence of FIF in the transitional outer zone, including the neu-
ral component of the zona neurovasculosa, and in the zona interna and externa of the 
infundibulum, indicates the existence of a monoaminergic constituent of the tractus 
tubero-hypophyseus, which terminates in ihese zones, in the human brain In the zona 
externa, a diffuse layer of fluorescence, except for a slight one in the young child, 
was not found Regarding the existence of such a layer in man, not much can 
be said for the moment as its absence may be a consequence of diffusion. In the hy-
pophyses of monkeys, removed and frozen very soon after death but otherwise pre-
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pared in the same way as the human specimens, the zona externa was revealed as a 
distinct FIF layer penetrating deeply into the infundibulum on the special vessels 
from the mantle plexus 
FIF terminals were observed on the penkarya of ncuions of the nucleus infundi-
bulans These terminals also occurred in other hypothalamic cell groups, including the 
ones that, as judged frcm the absence of FIF cell bodies, seem to be non-monoami-
nergic, namely the nucleus supraopticus and the nuclei tubens laterales The ventral 
part of the nucleus paraventnculans contained much FIF which may be located in 
the small neurons or so-called pementncular cells (Ijtndberg, 1957), in the region 
of this nucleus. 
As well as in the distal neuronal elements, FIF was visualized in a number of pen-
karya As already mentioned, these are not found in every hypothalamic cell group 
As contributors to the monoarmnergic tractus tubero-hypophyscus three regions deser-
ve consideration the nucleus mfundibulans, the nucleus dorsomedialis and the supra-
chiasmatic region In view of the distribution of FIF, of the distance to the infundi-
bulum and of the course of the tractus tubero-hypophyseus in Bodian preparations, 
the nucleus mfundibulans with its small nerve cells and fine axons is a very likely 
source of the FIF terminals in the above-mentioned zones There are, however, FIF 
fibers proceeding from lateral sides to the transitional outer zone but it could not be 
established whether they reach the infundibulum or terminate in the region of the nu 
cleus mfundibulans 
The demonstration of many FIF fibers against the ependyma over the nucleus in-
fundibulans is suggestive of a monoammtrgic innervation of the ependymal cells in 
this region The same may be valid for the ependymal fibers in the transitional outer 
zone. In the regio suprachiasmatica FIF also occurs sub- and even intraependymally, 
although membrana Iimitans gliae interna is found here 
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II KARYOMETRICS 
II A KARYOMETRICS OF THE NUCLEUS INFUNDIBULARIS 
In view of the finding of three types of nerve cells in the nucleus infundibularis 
of the newborn each with a preferential location, the nuclear measurements were per-
formed in three different parts of the cell group. The locations of the measurements 
were chosen in accordance with the subdivision based on cellular appearance of the 
neurons in the newborn (fig. 20). A mean nuclear volume* (MNV) was calculated 
for: 
[«} the AM-part, the anteromedial part or wedge of the nucleus infundibularis 
situated in the infundibulum (fig. 20a, b) , 
[¿>] the AL-part, the anterolateral part of the cell group situated in the regio 
parainfundibularis tuberis, dorsal and mainly lateral to the sulcus infundibularis (fig. 
20a, b) and 
[c] the LP-part, the lateroposterior part of the cell group situated in the regio 
caudalis tuberis, dorsomedial to the sulci postinfundibulares (fig. 20d). 
The AM and AL-parts of the nucleus infundibularis are in close topographical 
relation with the hypophysis because these parts are located respectively in and above 
the infundibulum. The LP-part is found in the eminentia postinfundibularis, i.e. cau-
dal to the sulcus infundibularis. 
In cases in which the infundibulum is for the greater part absent, the large cell 
type could not be measured. The extremely large cells in the nucleus infundibularis 
of old individuals were left out of the measurements. Also the so-called pycnotic cell 
nuclei were excluded from sampling as they, according to Cammermeyer ( I960) , are 
artefacts caused by postmortem injury to the brain tissue. 
As will be seen in chapter II A.2., the MNV depends on the particular phase of 
age to which the measured specimen belongs. Accordingly, the data were divided into 
different age groups in order to analyse the influence of factors, other than age, on 
the MNV. The choice of the particular age groups will be accounted for in chapter 
II A.2. The material does not include specimens in the range of 35 -51 years of age, 
which have already been studied by Hommes (1972) who established that an increase in 
MNV takes place after about 45 years of age. In this study, the young age groups are 
* See note on page 20 and table IX. 
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of primary interest and the subjects of 52 to 90 years of age were needed as a reference 
for comparison with the MNV's at an earlier age. In table I the number of objects in 
the various age groups are given for each of the three parts of the nucleus infundibu-
laris. 
Table I. Number of objects* in the samples used in the statistical analysis of the 
MNV of the nucleus infundibulans. 
Age (years) 
0 - 10 
1 1 - 3 4 
5 2 - 6 3 i 
7 8 - 9 0 J 
M 
8 
10 
2 
3 
AM 
F 
10 
8 
3 
3 
Location 
M 
10 
11 
3 
4 
AL 
F 
13 
10 
3 
3 
M 
11 
11 
3 
4 
LP 
F 
14 
11 
3 
3 
M = male; F = female 
* See table IX 
The nucleus supraopticus was chosen as control group (see table IX) because it 
is situated in the same cerebral region as the nucleus infundibularis and because it 
seems, in view of its well-known neurosecretory function, the most appropriate cell 
group for comparison with the nucleus infundibularis, which very probably also pro-
duces neurohormones. 
The karyometric findings in both cell groups are not only compared as a function 
of age, but also of bodyweight as this variable is a more significant criterion when stu-
dying factors which may depend on the degree of development of an individual. The 
logarithm of bodyweight was used in order to obtain a diagram with a clear representa-
tion of the MNV's of young children. Moreover, the bodyweight of an adult gives no 
relevant information in this study. 
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II A 1 SEX AND THE MEAN NUCLEAR VOLUME OF NERVE CELLS IN THE 
NUCLEUS INFUNDIBULARIS 
The MNV s of the AM, AL and LP-parts of the nucleus infundibulans of males 
and females are compared with one another within the age groups established in the 
next chapter From table II there appear to be no significant differences between the 
two sexes with regard to MNV Nothing can be said about such a difference for the 
AM-part in the newborn because no data were available concerning this part of the 
nucleus infundibulans of newborn boys On account of the results expressed in table 
II, as well as of the small size of the samples, the MNV s of the nuclei infundibulares 
of the two sexes will not be considered separately in what follows 
Table II Results of the Wilcoxon two sample test in comparing the MNV s of males 
and females for each of the three locations m the nucleus infundibulans within dif­
ferent age groups 
Age (years) AM 
Ρ 
AL 
Ρ 
LP 
Ρ 
О - 10 
1 1 - 3 4 
52 - 90 
0 22 
0 38 
> 0 95 
0 38 
> 0 90 
> 0 50 
0 68 
0 19 
> 0 50 
ρ = p-value 
> = larger than 
Number of objects in table I 
II A 2 AGE AND THE MEAN NUCLEAR VOLUME OF NERVE CELLS IN THE 
NUCLEUS INFUNDIBULARIS 
In fig 32 the MNV s of the nerve cells in the different parts of the nucleus 
infundibulans are compared for age After 52 years of age the cell nuclei are in­
creased in MNV, not only in the AL part as was expected from the findings of 
Hommes (1972) who measured this part of the cell group, but also in the AM and 
LP-parts The AL-part shows a strong increase in MNV again after about 65 years of 
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age while such a tendency is not obvious in the AM and LP-parts of the nucleus infun-
dibularis. In the young age group the MNV's of the AM-part remain rather constant. 
On the other hand, one notices a quite sudden increase in the MNV's of the other two 
parts of the cell group where the small and intermediate cell types were found origi­
nally. This increase seems to have taken place after 10 years of age because practically 
all values after this age are higher than those in the range of 0 - 10 years. In the ran­
ges of 0 - 10 and of 11 - 34 years no tendency of increase or decrease in the MNV is 
observed but there is a considerable variation in the latter age group. 
In order to test these observations, the material was divided into different age 
groups. The choice of these groups is based on the objective of this morphometric 
study and on the observations from fig. 32. Statistical tests were used as a tool to 
detect possible differences or correlations and were not used to prove or disprove a pnori 
stated hypotheses. Firstly, it was examined whether the MNV's show a significant age-
dependent correlation within the age groups, and secondly whether there are shifts in 
MNV from one age group to another. The tests were performed for each of the three 
measured parts of the nucleus infundibularis. As demonstrated in table III, there are 
no significant rank correlations between MNV and age within the age groups except 
in the AL-part of the cell group in the range of 52 - 90 years. Because of this latter 
correlation this range was only subdivided for the AL-part, in order to compare the 
MNV's of the range of 52 - 63 with those of the range of 78 - 90 years. 
Table IV confirms the observations mentioned above. The shifts in MNV between 
the different age groups are significant both after about 10 and about 50 years for 
the AL and LP-parts and only after about 50 years for the AM-part. Within the third 
age group there is a significant shift in MNV of the AL-part of the nucleus infun­
dibularis. 
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Fig. 32. Age and MNV of the AM, AL and LP-parts of the nucleus infundibularis. 
For statistical analysis see table III and IV. 
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Table III. Correlation between age and MNV of the three locations in the nucleus 
infundibulans within different age groups. 
Age (years) 
0 - 10 
1 1 - 3 4 
52 - 90 
r«, 
Ρ 
г. 
Ρ 
г. 
Ρ 
AM 
-0 02 
0 94 
0 08 
0 75 
0.23 
0.47 
AL 
0 04 
0 85 
0 23 
0.30 
0.70 
0.02 
LP 
0 20 
0 33 
0.36 
0.10 
0.25 
0 38 
ρ = p-value according to the Spearman rank correlation test 
r« = coefficient of rank correlation 
Number of objects in table I 
Table IV. Results of the Wilcoxon two sample test in comparing the MNV's of dif­
ferent age groups for each of the three locations in the nucleus infundibulans. 
Age (years) AM 
Ρ 
AL 
Ρ 
LP 
Ρ 
0 - 10/11 - 34 
И - 34/52 - 90 
0 24 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
< 0.001 
52 - 63/78 - 90 < 0.01 
ρ = p-value 
< = smaller than 
Number of objects in table I 
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II A3 BODYWEIGHT AND THE MEAN NUCLEAR VOLUME OF NERVE CELLS 
IN THE NUCLEUS INFUNDIBULARIS 
In the three parts of the nucleus mfundibulans the MNV's hardly show any 
correlation with bodyweight up to about 30 kg, which is quite apparent from fig 33 
In the AM part the MNV does not appear to increase before 50 kg In the adult ran-
ge of bodyweight, a number of higher values occur in this part of the cell group, 
which is due to the increase in MNV observed after about 50 years of age as seen in 
the previous chapter The MNV's of the AL and LP-parts of the nucleus mfundibu-
lans increase earlier, starting at a bodyweight of about 30 kg Especially the LP-part, 
where the small type is located, one notices with increasing weight an increase in MNV 
of practically exponential form This sharp increase m MNV, which is represented by 
a shift on the age scale, must have taken place between 10 and 20 years of age 
These findings confirm the observations that the MNV s of the nerve cells of 
the nucleus mfundibulans remain rather constant during the first 10 years of life, in 
the AM part even much longer, and that they do not take part in the tendency of 
postnatal growth which will be seen in the nucleus supraopticus and which was esta-
blished for the cells of the cortex during the first 2 years after birth (up to 20 kg) 
by Schade and van Groenigen (1961) 
II A4 LOCATION AND MEAN NUCLEAR VOLUME OF NERVE CELLS IN THE 
NUCLEUS INFUNDIBULARIS 
In the nucleus mfundibulans of the newborn, a number of large nerve cells is loca-
ted in the mfundibulum around the recess of the third ventricle (AM-part), in con-
trast with the intermediate-sized cells in the regio parainfundibulans tubens ( AL-part) 
and the small cells in the eminentia postmfundibulans (LP part) In order to analyse 
the interrelation between the MNV s of these locations, the mean rank orders for the 
AM, AL and LP parts within each age group were calculated according to the method 
of m rankings of Friedman (table V) This table indicates with high probability that 
the three locations in the nucleus mfundibulans differ in the value of MNV for the 
range of 0 34 years and for the range of 78 - 90 years Consequently the following 
interrelations between the MNV s of the three parts of the nucleus mfundibulans are 
postulated 
0 - 10 years AM > AL > LP 
1 1 - 3 4 years AM = AL > LP 
52 - 63 years AM = AL = LP 
78 90 years AL > AM = LP 
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Fig. 33. Bodyweight and MNV of the AM, AL and LP-parts of the nucleus infundi-
bularis. 
Table V. Mean rank orders of the MNV's of the three locations in the nucleus in-
fundibularis within different age groups. 
Age (years) 
0 - 10 
1 1 - 3 4 
52 - 63 
78 - 90 
AM 
2.89 
2.22 
2.20 
1.50 
AL 
1.89 
2.50 
2 20 
3.00 
LP 
1.22 
1.28 
1.60 
1.50 
η 
18 
18 
5 
6 
Ρ 
< 0.01 
< 0.01 
> 0.20 
< 0.02 
ρ = p-value according to the method of m rankings (Friedman) 
< = smaller than; > =: larger than 
η = number of objects in each age group 
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The paired-off comparisons in these order relations were successively detected by 
application of the Wilcoxon signed rank test ( = indicates no significant difference, 
> indicates significant difference) 
II A 5 SUMMARY OF THE KARYOMETRIC FINDINGS IN THE NUCLEUS 
INFUNDIBULARIS 
The data on the MNV s of the different parts of the nucleus infundibulans are 
assembled in fig 34 The range of 52 - 90 years is divided into a range of 52 63 and 
one of 78 - 90 years because of the observed increase in MNV of the AL-part (table 
III) Within all these age groups, including those of 52-63 and of 78 - 90 years, no 
significant rank correlations between MNV and age could be demonstrated For illu­
stration, the mean value and standard deviation of the MNV's of each age group are gi­
ven in table VI These mean values are indicated in fig 34 as a line segment in each age 
group Because of the high number of MNV's in the groups, especially in the two 
younger ones (see table I) , the elements could not be recorded separately in this dia-
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Fig 34 Mean of MNV s within different age groups for each part of the nucleus 
infundibulans ( D = AM-part, О = AL-part and Δ = LP-part) The data are from 
table V and VI The bars indicate the size of the age groups The level of the bar 
indicates the mean of MNV s for each age group The standard deviations are given 
in table VI For the number of objects in each age group see table I 
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gram. Fig. 34 clearly shows the shifts in MNV from one age group to another, the sig-
nificance of which is mentioned in table IV. The notations above the bars, repre-
senting the mean value of the MNV's of the age groups, indicate the significant 
differences in MNV between the three parts of the nucleus infundibularis within the 
particular groups. 
Conduuons. The MNV of the AL-part of the nucleus infundibularis shows a 
"growth spurt" after 10 years of age and reaches about the same value as that of the 
AM-part. After this age the MNV of the LP-part also increases but does not reach 
the level of the AM and AL-parts before 34 years of age. Between 35 and 52 years 
of age the MNV of the LP-part rises and reaches a level which is not significantly 
different from the, in the meanwhile increased, values of the AM and AL-parts. 
After 50 years of age a rise of the MNV is still observed in the AL-part. 
Table VI. Mean value and standard deviation of the MNV's* of the three locations 
in the nucleus infundibularis for each age group. 
Age(years) 
0 - 10 
11 - 34 
52 - 63 
78 - 90 
AM 
118.1 ± 24.1 
124.7 ± 18.1 
158.6 ± 20.2 
171.3 ± 18.8 
AL 
87.7 ± 15.9 
131.1 ± 30.4 
146.0 ± 28.6 
197.5 ± 20.5 
LP 
73.2 ± 9.7 
108.9 ± 27.4 
135.9 ± 19.6 
159.4 ± 29.1 
Number of objects in table I 
* See note page 20 
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II В KARYOMETRICS OF 7 Hb NUCLEUS SUPRAOPTICUS 
II В 1 SEX AND THE MEAN NUCLEAR VOLUME OF NERVE CELLS IN THE 
NUCLEUS SUPRAOPTICUS 
In fig 35 the MNV s of the nuclei supraoptici of males and females are recor­
ded separately In the first postnatal year, all values of the 4 males are lower than all 
those of the females In spite of the significant difference in MNV between the two 
sexes ( p < 0 02, η — 4, m = 7, Wilcoxon's two sample test), this finding has to be 
evaluated with caution because of another influence on MNV during this period of 
life As will be seen in chapter II В 3 , there appears to be a significant correlation 
between MNV and bodyweight m the first postnatal year This correlation makes it 
possible that the difference found in relation to sex is a consequence of an unequal 
distribution of the bodyweights in the male and female groups However, no differen­
ce could be demonstrated in the distributions of the bodyweights of the two sexes in 
the first postnatal yeax (p > 0 10, η = 4, m — 6, Wilcoxon's two sample test) 
Therefore, it is likely that the MNV of the nucleus supraopticus depends on sex in 
the first year 
After 4 years of age an influence of sex on MNV was not evident (p = 0 13, 
η = 25, m = 24, Wilcoxon s two sample test) 
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Fig 35 Age and MNV of the nucleus supraopticus For statistical analysis see 
table VII A = male, Δ = female 
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И В.2. AGE AND THE MEAN NUCLEAR VOLUME OF NERVE CELLS IN 
THE NUCLEUS SUPRAOPTICUS 
From fig. 35 it seems that the value of MNV remains fairly constant during the 
entire time of life with the exception of the first postnatal year during which they are 
lower. Accordingly, the data were divided into two different age groups (see table VII) 
and because of the influence of sex on MNV, the statistical tests were performed for 
males and females separately. Within the age groups the MNV showed no significant 
rank correlation with age. The difference in value of MNV in the two groups appea­
red to be significant in the males. In the females there is a clear indication suggestive 
of such a difference (table VII). The tests carried out in conformity with the age 
groups used for the MNV's of the nucleus infundibularis, of course, demonstrated no 
significant differences. 
Table VII. Mean value of the MNV's of the nucleus supraopticus in the first post­
natal year and after 4 years of age for males and females. 
Sex < 1 year η > 4 years η ρ 
males 149.5 4 318.9 25 < 0.01 
females 250.8 7 299.3 24 0.05 
ρ = p-value according to the Wilcoxon two sample test 
< = younger than or 1 year of age; > = older than or 4 years of age 
η = number of objects in each age group 
II B.3. BODYWEIGHT AND THE MEAN NUCLEAR VOLUME OF NERVE CELLS 
IN THE NUCLEUS SUPRAOPTICUS 
Fig. 36 gives the relation between MNV of the nucleus supraopticus and body-
weight. In the low range of weight, there seems to be a positive correlation between 
the two variables. At a bodyweight of 20 kg, the MNV's reach the value of MNV in 
the adult individuals. This is in agreement with the findings in the previous chapter 
from which it can be concluded that an increase in MNV takes place between the first 
postnatal year and 4 years of age. 
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Fig. 36. Bodyweight and MNV of the nucleus supraopticus. For statistical analysis 
see table VIII. A = male; Δ = female. 
Table VIII. Correlation between bodyweight and MNV of the nucleus supraopticus 
within two groups of bodyweight. 
Bodyweight (kg) males females males and females 
< 20 kg 
> 20 kg 
и 
η 
Ρ 
г, 
η 
Ρ 
0.81 
8 
0.03 
0.45 
9 
0.20 
-0.04 
25 
0.84 
ρ =: p-value according to the Spearman rank correlation test 
r» = coefficient of rank correlation 
η = number of objects in each range of bodyweight 
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Because of the influence of sex in young children, the values of the supraoptic 
MNV s of specimens with a low bodyweight are considered separately for males and 
females In the range of low bodyweights there is a significant rank correlation be-
tween MNV and bodyweight in the male group (table VIII) In the f emale group a po-
sitive rank correlation is also found but it is not significant Assuming that the MNV's 
of males and females increase in size during the first postnatal years, it is obvious that 
the coefficient of rank correlation will be smaller in the females, as the increase in this 
group probably starts from a higher level than in the males and after 4 years of age 
no difference in MNV of the two sexes was evident anymore For the females a larger 
sample would be needed to prove the small coefficient of rank correlation to be signi-
ficantly different from zero 
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7/ С KARYOMETRICS AND HISTOLOGICAL PREPARATION 
Most human brains were fixed in 4(/c formaldehyde. In 11 cerebra of young 
children, Bouin's fluid was used. According to Stowell (1941), the volumes of brain 
tissue blocks fixed in Bouin's fluid and in 10% formol are considerably decreased 
after the histological preparation, including embedding in paraffin, but differ only 
1% from one another, the original volume being 100%. The observations of hike et 
al. (1958) and Palkovits and Ftrcher (1968) indicate that the nuclear volumes of 
tissue fixed in 4 to 8% formalin and in Bouin's fluid are comparable without correc­
tion if frozen after fixation, but that they differ in shrinkage after paraffin embedding. 
The Bouin's fluid specimens were not excluded from the series used in the foregoing 
statistical analysis because there appeared to be no significant difference in the 
MNV's as obtained by the karyometric technique applied to cerebra fixed in 4% for­
maldehyde and in Bouin's fluid. 
Since the material was collected over many years the length of time during 
which the brains were kept in the fixative varied considerably. The minimal duration 
however, was at least 6 months and the influence of the duration of fixation is to be 
expected in the early hours of the process (Palkovitf and Ft f cher, 1968). A check 
was carried out to see if the time elapsing between the beginning of fixation and 
embedding in paraffin affected the nuclear volume. 
The times elapsing from death to the beginning of fixation were also variable. 
During this period autolysis proceeds and this process is known to change the nuclear 
size {Wüstenjeld, 1957). Therefore, the extent to which the MNV is affected by 
advancing autolysis has been examined. 
II C.I. FIXATIVE AND MEAN NUCLEAR VOLUME 
In order to test whether the two fixatives have a different effect on MNV, sam-
ples were needed which showed no significant relations to age or other known varia-
bles. The data from the three parts of the nucleus infundibularis up to 10 years of age 
are suitable. No significant difference between the values of MNV of brains fixed 
in 4 % formaldehyde and of those fixed in Bouin's fluid could be demonstrated (AL-
part: ρ = 0.48, η = 13, m = 10; LP-part: ρ >0.50, η = 14, m = 11; Wilcoxon's 
two sample test). Therefore, the Bouin's fluid fixed specimens were not excluded 
from the statistical analysis. 
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II С 2 DURATION OF FIXATION AND MEAN NUCLEAR VOLUME 
By the Spearman rank correlation test carried out on the karyometnc data from 
the nucleus infundibularis up to 10 years of age, no significant correlation of the 
duration of fixation with MNV was established (AL-part rs = -0 29, η = 23, ρ = 
0 17, LP-part rs = -0 10, η ^ 25, ρ = 0 62) This is in agreement with the expec­
tation that after several months of fixation no changes in nuclear size occur anymore 
II С 3 AUTOLYSIS AND MEAN NUCLEAR VOLUME 
The time that elapses between death and the beginning of fixation seems to be an in­
dicator for the degree of autolysis and its influence on the MNV {Wustenjeld, 1957) 
It was tested whether the MNV is correlated with the length of this time Therefore, 
the coefficient of rank correlation between the latter and the values of MNV within 
the range of 0- 10 years of age was calculated and proved to be not significant (AL-
part r
s
 = 0 21, η = 12, ρ = 0 4 8 , LP-part r« = 0 01, η = 14, ρ = 0 97, Spear­
man's rank correlation test) It is concluded that the autolytic changes have no appa­
rent influence on the MNV s 
In spite of the absence of significant relations between MNV and sources of 
artefacts, it is obvious from the histologic appearance that the material used has seve­
ral imperfections With regard to karyometrics, an important restriction of its applica­
tion is the finding of pycnotic cell nuclei indicating nuclear shrinkage In view of 
these limitations it is evident that only gross changes were detected in the present ma­
terial by the method employed 
q? 
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Discussion 
Within this study of the tubero-infundibular region in the human hypothalamus 
there are two main subjects for discussion firstly, the morphological relation between 
the nucleus infundibulans and the infundibulum and secondly, the morphometnc 
changes in this cell group at different periods of life. 
The following observations are suggestive of a neuronal connection between the 
nucleus infundibularis and the infundibulum · 
[л] the presence of a number of fine axons directed from the parainfundibular 
part of the cell group immediately towards the infundibulum, described earlier by 
Chiist (1951), 
[ è ] the existence of a bundle of fine axons over the entire ventral surface of the 
nucleus infundibulans in the eminentia postinfundibulans, proceeding towards the 
posterior wall of the infundibulum and merging into the vertically directed nerve 
fibers in the lateropostenor part of the cell group, 
[ r ] the dispersion of these fine axons over the zona interna after having entered 
the infundibulum, suggestive of their termination in the proximal hypophysis as con-
trasted with the thick supraoptic nerve fibers which proceed more bundle-like to the 
posterior lobe, 
[i/] the presence of only fine axons in the zona externa of the infundibulum, 
[e] the intrusion of nerve cells of the nucleus infundibulans into the hypophy-
sial stalk along the entire recessus infundibuh, 
[ƒ] the presence of monoaminergic terminals in the zona externa and interna, 
г.е. the assumed termination of the fiber bundle, the presence of monoaminergic cell 
bodies in the nucleus infundibulans, in particular around the ventricular recess 
These observations are indicative of the existence of a tractus tubero-hypophy-
seus in the human brain with the nucleus infundibulans as a site of origin of the fine 
Bodian-positive, and of the monoaminergic, nerve fibers (most probably terminals) in 
the infundibulum Only axons of this tract, at least in part, seem to reach the zona 
externa because no proof could be provided of the occurrence of thick axons or neu­
rosecretory material-containing fibers in this zone In an electron microscopical study 
of the human infundibulum, Bergland and Toiack (1969) observed two types of 
nerve fiber endings in the perivascular space of the small vessels in this region These 
two types of endings contain respectively large and small dense core vesicles while 
in both types still smaller, clear vesicles occur The large vesicles are of about the same 
size as the so-called elementary granules {Bargmann and Knoop, 1957) which were 
found in the human posterior lobe by Ledens (1965) and are assumed to contain the 
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neurosecretory material The findings in this study do not support the occurrence of 
neurosecretory material in the zona externa Though it cannot be excluded that some 
neurosecretory fibers of the tractus supraoptico-hypophyseus terminate on the special 
vessels of this zone, it seems probable that the electron-lucent and electron-dense vesi-
cles, including the large type, mainly represent the carriers of hypophysiotrophins and 
of monoamines The data on the relation between contents and size of these vesicles 
are still quite contradictory (Kobayashi el al, 1970, hh¡t, 1972) and await further 
study At any rate, also in man, the tractus tubero-hypophyseus provides a morpholo-
gical basis for the transport of hypophysiotrophins to the special vessels of the hypo-
physial portal system by which these substances reach the adenohypophysis, and for a 
control of the release of these substances from the terminals in the zona externa by 
monoaminergic fibers as suggested by Faxe and Hokfelt (1969) and Schneider and 
McGinn (1969) 
From the distribution of the monoaminergic terminal elements of the neurons, 
it is evident that these occur not only in the zona externa of the infundibulum but 
also in the zona interna, the transitional outer zone, including the neural component 
of the zona neurovasculosa, and subependymally over the region of the nucleus infun-
dibulans In the rat, the dopaminergic neurons of this cell group give rise to one 
part of the terminals in the zona externa and to most, possibly all, terminals in the 
zona interna (Bjoiklund el al, 1970) The occurrence of monoaminergic terminals in 
the above mentioned zones of the human tubero-infundibular region fits in with the 
hypothesis that the monoaminergic neurons of the tractus tubero-hypophyseus influ-
ence the secretion of LH-RF, of FSH RF and probably of P-IF from the neurons of 
the hypophysiotrophic area by axo-axonic contacts at the level of the infundibulum 
(Fuxe and Hokfelt, 1969, Schneider and McCann, 1969) In view of the finding of 
monoaminergic terminals on the nerve cell bodies of the nucleus infundibulans, such a 
regulation may also be mediated by axo-somatic contacts Regarding the neuronal loca-
lization of monoamines and hypophysiotrophins, a concomitant storage of both sub-
stances in the same neuron cannot be excluded as yet, but according to Hokfelt and 
Fuxe (1972), it is more likely that they are situated in separate neurons and neuron 
systems This, and the fact that monoamines are not identical with hypophysiotrophins, 
neither in structure (for references see introduction), nor in effect {Poter et al. 
1972), suggest that the tractus tubero-hypophyseus comprises a monoaminergic and a 
hypophysiotrophic system From several experiments it is evident that dopamine and 
noradrenaline have a regulatory function in the secretion of the mentioned and other 
regulating factors, and that this regulation in all probability takes place in the tubero-
infundibular region (Hokfell and Fuxe, 1972, Ganong, 1972, McCann et al, 1972) 
Also in man some studies emphasize the significance of dopamine in the regula-
tion of P-IF and GH-RF secretion, as judged by the levels of, respectively, prolac-
tine and growth hormone (Boyd et al, 1971, Eddy et al, 1971, Kleinberg et al, 
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1971). The effects of this monoamine on the release of hypophysial hormones are not 
the same in man and the rat. This difference may be due to the different modes of appli-
cation, but the influences of monoamines on the hypophysiotrophic neurons in the rat 
are not necessarily similar to those in man. Moreover, the biochemical fluorimetrie 
study of Rinne and Sonnmen (1968) demonstrated the presence of much more nora-
drenaline than dopamine in the mfundibulum and in the mediobasal hypothalamus 
of man, while in this region of several lower mammals dopamine is the predominant 
catecholamine (see also Kobayaiht et al, 1970). Though both monoamines, and pro-
bably still another, occur in the mfundibulum, their concentrations differ in the va-
rious mammals {Bjorklimd et al, 1970) 
The presence of a bundle of fine axons from the posterior part of the nucleus 
infundibulans may be due to shifts of, and in, the human hypothalamus during onto-
genesis. These processes result in a considerably caudally extended nucleus infundibu-
lans which apparently maintains its fiber connection with the mfundibulum in man. 
In lower mammals, this cell group has a parainfundibular position, / e. dorsal to the 
mfundibulum. Another result of these developmental movements seems to be the 
incorporation of the pars oralis tubens in the hypophysial stalk which, as such, is deli-
mited in the adult human by the sulcus infundibulans situated directly behind the 
chiasma opticum 
In the region of the nucleus infundibulans, the normal glial tissue of the tuber 
cinereum is replaced in part by ependymal fibers and fiber pituicyte-like cells In the 
tubero-infundibular region of man, these fibrous elements connect the cerebrospinal 
fluid with the mantle plexus which also extends over the eminentia postinfundibu-
lans and over a part of the regio parainfundibulans tubens The ependymal fibers 
extend from the upper two-thirds of the recessus infundibuli and from the ventral 
part of the third ventricle in the regio caudalis tubens to the transitional outer zone. 
In a similar way, the fiber pituicyte-hke cells form a bridge from the neural com-
ponent of the zona neurovasculosa and from the anteriorly contiguous zona exter-
na to the ventral tip of the third ventricle in the regio caudalis tubens atnd the 
adjacent part of the recessus infundibuli Approaching the ventricle these fiber 
cells increasingly resemble the ependymal fibers In view of the assumed function 
of glia in the blood-brain barrier (Dobb/ng, 1961, 1968, Dapson and Bradbrny, 
1965) and probably also m the cerebrospinal fluid-brain barrier, the absence of the 
membrana limitans gliae externa and interna, together with the occurrence of spe-
cial glial elements are, therefore, supposed to be causal factors in the well-known 
absence of these barriers in the tubero-infundibular region. This region appears 
to have an uptake and transport capacity in which the ependymal cells and fibers, 
constituting a link between the cerebrospinal fluid and the hypophysial portal system, 
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seem to play an essential role {Kendall el al, 1972, Kmgge and Silverman 1972, 
Leonhaidt and Ebeihaidt, 1972, Rodriguez, 1972, Silvoman et al, 1972) As well 
as these capacities there are indications of ependymal secretion (Knoulef, 1969, 
Kobayathi and Mattiti, 1969, Kobayatbi el al, 1970, Wiltkou'\ki, 1969) Though 
the function of the special ependjma in the tubero-infundibular region is not under­
stood, many studies emphasize its participation in the regulation of the adenohypo-
physis, in particular the gonadotrophic hormone secretion The cpendyma may take 
part in the transport of hypophysiotrophms or in the feedback mechanisms However, 
regarding the transependymal transport of LH КГ {Wemei et al, 1971) and of TSH-
RF (Kendall et al, 1972), the physiological significance of such an activity is questio­
nable As mentioned before, the morphological basis for a link between the cere­
brospinal fluid and the hypophysial portal system is also present in man It is re­
markable that this special ependymal structure is not restricted, topographically, to 
the infundibulum but is found over practically the entire region occupied by the nu­
cleus infundibulans This cell group has an intermediate position between the third 
ventricle, including its recess, and the mantle plexus, which extends over the transitio­
nal outer zone covering the outer surface of the nucleus infundibulans In respect of 
the mentioned ependymal link, the occurrence of LH-RF in human cerebrospinal 
fluid (Blench, 1971) seems relevant Still, the functional aspects of this link need 
much further study 
The presence of monoamincrgic terminals on the ependyma over the nucleus 
infundibulans is suggestive of contacts between these terminals and the ependymal 
cells In the infundibulum of the rat, monoamine fluorescence is found subependy-
mally but in the zona interna (Bjoiklnnd el al, 1970) In electron microscopical stu­
dies of the tubero-infundibular region, synaptoid contacta of nerve fibers with epen­
dymal and glial fibers and hypendymal, ependymal and glial cells have been described 
(Knowles, 1967, Willkouski 1967b, 1968, Kobayasbi et al 1970) According to 
Leonbardt and Backb/ti-Rotb (1969), many synaptoid contacts occur in the third and 
fourth ventricle of the rabbit between bulb-like endings of non myelinated axons and 
the free surface of ependymal cells These phenomena agree with the observation of 
monoaminergic terminals on the ependyma over the nucleus infundibulans and 
possibly tco in the transitional outer zone on the terminal parts of the ependymal 
fibers, in the human brain Kobayatbi et al (1970) suggested that monoaminergic 
fibers regulate ependymal absorption and secretion but as yet nothing is known with 
certainty 
The extension of the mantle plexus over the transitional outer zone, both in the 
regio parainfundibulans tubens and the eminentia postinfundibulans, and the pene 
tration of vessels from this \a£culature via this outer zone, indicate a considerable 
supply of the region of the nucleus infundibulans by vessels of the hypophysial por-
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tal system The capillaries and small vessels, on which ependymal fibers terminate 
within the region of the nucleus mfundibulans, seem to be branches of the vessels 
penetrating the transitional outer zone In man, Duvet noy et al (1971) demonstrated 
by injections of India ink that the primary plexus of the hypophysial portal system in 
the lateral and anterior part of the infundibulum as well as in the eminentia postín 
fundibulaos anastomoses extensively with the vessels of the tuber cinereum The arte-
rial supply of the eminentia postinfundibulans arises from the artenae communicantes 
posteriores and forms a superficial and deep plexus in this eminence, which for a con-
siderable part is drained by the hypophysial portal vessels (Dnvernoy et al, 1971) 
Because of the structural similarity and the continuity between the nervous component 
of the zona ncurovasculosa and the proximal limit of the zona externa, and because 
of the presence of the same vascular cover, the zona ncurovasculosa has also to be 
considered as a site of neurovascular transmission In fact, the entire transitional outer 
zone, containing fine nerve fibers of the tractus tubero hypophyseus and monoaminer-
gic elements, is in close contact with the mantle plexus Duvet noy et al (1971) pointed 
out that the portal vessels which have their primary plexus in the eminentia postinfun-
dibulans may very well, in direct contact with the medial tuberai nuclei such as the 
nucleus mfundibulans, collect neurosecretory substances and transport them to the 
anterior lobe In the neurovascular control system of the adenohypophysis, the centri 
fugai blood flow in the portal vessels guarantees the transport of these neurosecretorv 
substances, / e the hypophysiotrophins, towards the gland It is of importance, how 
ever, to mention the presence of vessels of the portal system in the deeper layer of 
the infundibulum which have an upward blood flow (Torok 1964) and the reversals 
in the direction of flow in the primary capillaries in the infundibulum (Worthington, 
I960), both findings established m vivo In man Dinernoy et al (1971) described 
ascending and many descending connections between the tuberai vessels and the pri-
mary plexus of the hypophysial portal system These observations deserve considera 
tion in the understanding of the mutual interaction between the mediobasal tuber 
cinereum and the adenohypophysis which was revealed by the demonstration of the 
so-called internal feedback mechanisms {Motta et al, 1969) 
Chtift (1951) and Hommer (1972) mentioned the occurrence of two cell types 
in the nucleus mfundibulans of the adult human In this study three different types 
of nerve cells are distinguished in the newborn, each with its own location within the 
cell group This morphological finding is supported by the demonstration of signifi-
cant differences in MNV of the cells in the three different locations of the nucleus 
mfundibulans A threefold division of this cell group was described in birds but 
concerns mainly adult specimens (Oehmke, 1968) 
During the first 10 years of life no change in MNV is observed in the three 
parts of the nucleus mfundibulans, in the AM-part, consisting mainly of the large 
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cell type, even during a much longer period This is remarkable in view of the study 
of the postnatal development of nerve cells in various cortical layers of the human 
brain, demonstrating, among other things, a strong increase in volume of the peri-
karyon and of the Nissl substance, which phenomena take place within the first two 
postnatal years {Schade and van Groenigen, 1961) These postnatal changes were re-
garded as maturation and functional development of neurons in relation to the physio-
logical maturation of the cortex In a study of the nuclei supraopticus and paraven-
tnculans in man and lower mammals, Rodeck and Caesar (1956) and Rodeck (1958) 
pointed out that the morphological differentiation of the nerve cells of these nuclei to 
mature neurons is a necessity for an adult functional activity of the supraoptico-para-
ventriculo-hypophysial system, / e the production and secretion of the posterior lobe 
hormones. This morphological maturation, characterized by an increase of the size 
of the cytoplasm and of the cell nucleus, is accomplished not until after the newborn 
and suckling period. The observations of Rodeck (1958) agree well with the karyo-
metnc findings m the nucleus supraopticus in this study which show a strong increase 
in MNV in males and probably also in females during the early postnatal period. 
These data from the literature and from the karyometncs of the nucleus supraopticus 
on the postnatal development of nerve cells, evidently, are totally different from the 
changes in appearance and in MNV of the cells of the nucleus infundibulans, indica-
ting an entirely different time course of functional maturation in this cell group 
When compared with an adult, the nucleus infundibulans of the newborn con-
tains only a restricted number of large nerve cells which are located close to the assu-
med sites of neurovascular transmission the zona externa in the mfundibulum and 
the zona neurovasculosa in the emmentia postinfundibulans The parts of the cell 
group more distant to these sites, consist of smaller nerve cells, respectively the inter-
mediate type above the mfundibulum and the small type m the lateropostenor part 
of the nucleus infundibulans In comparison with these smaller types, the large type 
of nerve cell appears to be a mature neuron in respect of the presence of a considerable 
perikaryon, a distinct nucleolus and a fair amount of Nissl substance The interme-
diate and small cell types show a rather abrupt increase in MNV after 10 years of 
age This phenomenon is demonstrated by the significant differences in MNV between 
the ranges of 0 - 1 0 and of 11-34 years of age, and by the absence of significant 
rank correlations between MNV and age within these ranges. The shift-like changes 
in MNV are accompanied by an increase in the cytoplasm and in the Nissl substance, 
suggestive of an increased functional activity of the originally two smaller cell types 
The persistence after birth of the primitive appearance of the cells in the parainfun-
dibular (AL) and caudal (LP) parts of the nucleus infundibulans as well as of a 
"matrix-like" structure in the ventricular floor at the level of the latter part suggests 
a delayed maturation of these particular parts of the cell group In view of the men-
tioned changes, this maturation seems not to start until after 10 years of age. After 
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this age, the nerve cells in the parainfimdibular part of the nucleus infundibulans can 
not be distinguished anymore, neither in appearance, nor in size, from the original 
large cell type in the infundibulum which seems to remain unchanged in the period 
of 0 to 34 years of age The presence of only a restricted number of mature nerve 
cells, capable of specialized functional activity, may be related to the low stimulatory 
activity of the mediobasal tuber cinereum on the gonadotrophic adenohypophysial 
function prior to puberty For, Ba/ier (1954, 1959) and Puck (1956) indicated that 
gonadal regulation in man takes place in the floor of the third ventricle which is 
practically totally occupied by the nucleus infundibulans That the specialized func-
tional activity of the neurons of this cell group in man concerns the production and 
secretion of releasing factors, as would be expected from the research of Szentágolhai 
el al (1968), has become highl} probable from the findings of Blench (1971) who 
studied a certain type of precocious puberty due to an hamartoma of the tuber cinereum 
Such an hamartoma, attached to the floor of the third ventricle between the hypo-
physial stalk and the corpora mamillana and therefore adjacent to the nucleus infun-
dibulans, consists of nerve cells of the tuber cinereum These cells resemble those of 
the substantia grísea centralis (Di/ggr and Spatz, 1939), te the medial field of the 
tuber cinereum, in part, those of the nucleus infundibulans (Lange-Coiack, 1951) 
Biencb (1971) demonstrated that this hamartoma, which represents an increase in 
nerve cells in the floor of the third ventricle, is accompanied by a strong elevation of 
LH-RF in the cerebrospinal fluid This finding indicates that the site of production 
of gonadotrophic releasing factors is situated in the floor of the third ventricle, most 
likely in the region of the nucleus infundibulans For these reasons it is assumed that 
the increase in number of large nerve cells in this cell group after 10 years of age is 
a morphological sign of maturation and enhanced cellular activity related to an eleva-
ted production of gonadotrophic releasing factors during puberty in which the levels 
of LH and FSH rise considerably (Blizzaid et al 1970) In this respect, the rela-
tively small number of mature nerve cells in the nucleus infundibulans, located in the 
infundibulum and above the zona neurovasculosa, before 10 years of age, is likely to 
be responsible for the low gonadotrophic activity of the adenohypophysis prior to 
puberty A phenomenon related to the observed signs of maturation and increased cellu-
lar activity in the nucleus infundibulans in puberty might take place between about 
35 and 50 years of age The cells of the LP part increase in MNV and change in 
appearance in such a way that they cannot be distinguished anymore from those of 
the AM and AL-parts, which in the meanwhile increase in MNV too In view of the 
assumption stated above, these signs of enhanced cellular activity may very well repre-
sent an increased production of gonadotrophic releasing factors responsible for the 
high levels of gonadotrophins in females during the menopause (Hail, 1971) and 
possibly also in males after middle age 
The hypophysiotrophic area, or so called "releasing factors system", which is capa 
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ble of maintaining a basal or tonic gonadotrophic hormone secretion and to a certain 
extent is responsive to gonadal hormone feedback, is controlled by other hypothala-
mic and extrahypothalamic structures, called the "release regulating system" (Szenlá-
gothai et al, 1968) With regard to gonadal control, the latter system appears to be 
involved in the regulation of the sexual cycle and the onset of puberty In the cyclic 
mechanism which modulates the activity of the hypophysiotrophic neurons, the "LH-
trigger" responsible for the LH surge prior to ovulation, is situated in the regio prae-
optica, while the FSH control mechanism is located in the area hypothalamica anterior 
(Flerko, 1971) The region of the cyclic centre and the hypophysiotrophic area, which 
contains the tonic centre of gonadotrophic hormone secretion, are sensitive to gonada' 
steroid feedback (Dai/elton, 1969, PaUeeh and Ectori 1971) and seem to be the 
sites or estrogen receptors (Allianiadal, 1970, Stnmpf, 1971, Tnohimaa, 1971) but 
are not the only receptor sites 
In lower mammals with experimentally induced precocious puberty, which re-
cently also succeeded in the male ferret (Goldjoot and Baum, 1971), most researchers 
indicate the involvement of the anterior hypothalamus in the onset of puberty (Dono-
tan and van dei Weiff ten Bo<ch, 1956, 1959, Ctttcblou and Bai-Sela, 1967) 
Though it has not been possible to associate lesions in any particular hypothalamic 
structure with the advancement of puberty (Donoutn and van dei Weijf ten Botch, 
1959), there appears to be anatomical specificity since lesions m other diencephalic 
and telencephalic sites usually proved to be ineffective m this respect (Cutchlou and 
Bai-Sela, 1967) 
In man, apart from the aforementioned hamartoma, lesions due to pathologic 
processes in the tuber cinereum and resulting in precocious puberty, are situated in 
the posterior hypothalamus ( Weinbeigei and Giant, 1941, Banei, 1954) We/nbeigei 
and Giant (1941) suggested that the pathological advancement of puberty is a conse-
quence of the destruction of the mechanism or neural pathways which normally con-
trol or inhibit the production and release of the gonadotrophic hormones This fits in 
fairly well with the hypothesis advanced by Donovan and van der Wet ff ten Botch 
(1959) that destruction of the gonadal feedback area in the hypothalamus initiates 
the secretion of gonadotrophins in amounts sufficient to promote the onset of puber-
ty It is known that the sensitivity of the hypothalamus to gonadal hormone feedback 
before puberty is much higher than in the adult animal (see Davidson, 1969) In 
man, several recent studies indicate that puberty is accompanied by a considerable de 
crease in the sensitivity of the hypothalamic feedback receptors responsible for gona-
dotrophm release (Kuhn et al, 1969, 1971, Calhio ei al 1971, Naiik/n el al 1971 ) 
In view of these findings, the reduction in sensitivity of the hypothalamus toward 
gonadal steroids, such that the "gonadostat" is set at a higher level in the adult, 
seems to be a fundamental process in the onset of puberty (Donovan and van dei 
Wei ff ten Bosch, 1959, Davidwn, 1969) Smith and Davidson (1968) postulated a 
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shift in the sensitivity of inhibitory feedback receptors in the median eminence region 
This shift gives rise to higher levels of gonadotrophms, and owing to this, of gonadal 
hormones The rising level of estrogen reaches a threshold in a mechanism situated 
in the region of regio pracoptica and area hypothalamica anterior which finally pro­
duces, via activation cf the hypophysiotrophic area, the initial stimulus for the first 
sexual cycle in the female animal The existence of a similar shift in hypothalamic 
sensitivity to gonadal feedback in man, suggests that the observed changes in the nu­
cleus infundibulans after 10 years of age may be a morphological correlative of this 
phenomenon and of the, consequently, increased secretion of gonadotrophic releasing 
factors which ркпокс an enhanced secretion cf gonadotrophms from the adenohypo-
physis 
Monoammergic systems very probably play an essential role in the onset of puberty 
because of the regulatory function of the monoammergic tubero-infundibular system 
(Hokfelt and Fnxe, 1972), but also because of the participation of monoammergic 
systems in the mechanisms of steroid feedback (Kotdon. 1971) According to Koidon 
(1971), the monoammergic mediation in steroid feedback takes place in regions cor­
responding very precisely, in regard of topography, to areas which were shown to be 
steroid sensitive (Dcwidwii, 1969, Parteelr and Ecton. 1971) and to exhibit a stlec 
five uptake of estrogen (Sl/mipf, 1971, Tuohimaa 1971) such as the nucleus infun­
dibulans and cell groups in the anterior hypothalamus The changes in the catechola­
mine content of the anterior hypothalamus during the sexual cycle, after castration 
or application of cyproteron acetate, indicate the presence of a regulatory catecholami-
nergic system in this region (Donow el al, 1967, Stejano and Donoso, 1967, Mew-
haidi and Schiebtet, 1969) Concerning the human hypothalamus, in this study an 
extensive monoammergic system was demonstrated in the area situated directly above 
the chiasma opticum where in the light microscope only a poor cell group with very 
small neurons is seen 
The significance of changes in sensitivity of the hypothalamus to hormonal feedback 
is evident from the model of Oilman (1971) characterized by an age-associated ele­
vation of the hypothalamic threshold to feedback In early age this elevation is thought 
to be responsible for the onset of puberty by initiating an increased secretion of gona­
dotrophic releasing factors In view of our findings, this elevation may be related to 
the increase in number of mature nerve cells in the nucleus infundibulans However, 
according to Oilman (1971), the hypothalamic threshold keeps on rising which is 
compensated for by an increased feedback from the target organs Ultimately the repro­
ductive cycle is switched off as a result of a decompensation of the feedback mechanism 
due to an ineffective feedback from the target organs The changes in MNV and cel­
lular appearance, which must have taken place between about 35 and 50 years of age 
in all parts of the nucleus infundibulans, especially the LP-part, are suggestive of an 
increased cellular activity As the nucleus infundibulans is very probably responsible 
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for the production of hypophysiotrophins, this phenomenon may be related to the 
decreased sensitivity of the hypothalamus to feedback resulting in an activation of the 
hypophysiotrophic neurons For after the elevated threshold has caused a disturbance 
in the sexual cycle due to an ineffective feedback from the ovary (the menopause), an 
enhanced production of hypophysiotrophins is likely to be associated with a cellular 
and nuclear hypertrophy of the nucleus infundibulans, which was demonstrated by 
Sheehan and Κονάα (1966), Honimei (1972) as well as in this study after about 
50 years of age 
In this study we might have encountered a morphological correlative of Oilman s 
age associated elevation of hypothalamic threshold to feedback in puberty and meno 
pause This elevation of threshold could be associated with a successive activation of 
groups of nerve cells in the nucleus infundibulans, possibly initiated by the hypotha­
lamus anterior Such a change in sensitivity of infundibular nerve cells could have 
two aspects [<г] a qualitative change maturation of nerve cells attaining a specialized 
functional activity and sensitivity to feedback This would imply the adjustment of a 
particular threshold, 
[ ¿ ] a quantitative change increase in number of such mature and feed-
back-sensitive neurons 
This study indicates that the second aspect, although unknown up till now, may 
be very important It could explain age associated increase of threshold to feedback 
by assuming an age-associated increase in number of feedback-sensitive neurons in the 
nucleus infundibulans This would lead to a relative insufficiency of gonadal feed 
back which can be compensated for by an higher activity of the feedback sensitive 
neurons 
At about 10 years of age the activation of the AL-part of the nucleus infundibu-
lans would demand an higher level of activity of the entire system The "gonadostat" 
is succesfully set at an higher level and puberty ensues 
At about 50 years of age a new increase in number of feedback-sensitive neu 
rons (LP part) follows The higher demand for feedback cannot be met by the go-
nads and menopause starts by switching off the sexual cycle 
The ineffective gonadal hormone feedback activates the production of hypophy-
siotrophins more and more This may be reflected in the increased cellular activity 
in the tubero-infundibular area (AL-part) after 50 up till 90 years of age 
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Summary 
Introduction The animal experiments of Szentagotbai et al (1968) demon-
strated that the neural control of the adenohypophysis is ultimately exerted by an 
hypophysiotrophic area in the ventral hypothalamus This area, to a large extent occu-
pied by the nucleus infundibulans, produces hypophysiotrophic neurohormones which 
are transported to the gland via a neurovascular link The release of the neurohormo-
nes into the hypophysial portal circulation is probably regulated by a monoaminergic 
tubero-infundibular system In addition to this neurovascular control mechanism, an 
ependymal fiber connection between the cerebrospinal fluid and the hypophysial por-
tal system seems to have a functional significance in the regulation of the adenohypo-
physis according to several recent studies In man, the nucleus infundibulans is also 
most likely the exponent of the hypophysiotrophic area and especially seems to be invol-
ved in gonadal regulation {Sbeehan and Kovács, 1966, Blench, 1971, Sheehan, 1971 ; 
Hommes, 1972) 
Piesent study. In this study of the human hypothalamus, the following items 
were examined [<(] the structure of the tubero-infundibular region with special refe-
rence to the nucleus infundibulans, to the neural pathways between hypothalamus 
and mfundibulum, and to the ependymal fiber link between the cerebrospinal fluid 
and the hypophysial portal system, [ ¿ ] the morphometncally detectable changes as an 
indicator of cellular activity of the nucleus infundibulans at ages at which considera-
ble alterations in sexual function take place, such as puberty and menopause For this 
purpose, the mean nuclear volume (MNV) of 50 cell nuclei was calculated for each 
of three different locations in the cell group in different age groups. 
Results. Firstly, the topographical relations of the nucleus infundibulans were 
described. This cell group is situated directly above the insertion of the hypophysis 
into the hypothalamus and extends as a wedge of nerve cells into the mfundibulum 
around the entire recessus infundibulans 
In Bodian preparations, the morphological basis of a neural tubero-infundibular 
pathway was established It consists of delicate nerve fibers of which the nucleus in-
fundibulans seems to be the principle site of origin. This connection, the tractus tu-
bero-hypophyseus, enters the mfundibulum mainly in its posterior and posterolateral 
walls On the other hand, the thick axons of the tractus supraoptico-hypophyseus spe-
cifically enter the anterior and anterolateral infundibular walls The different nature of 
these two tracts was confirmed by the finding of neurosecretory material exclusively 
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in the fibers of the tractus supraoptico-hypophyseus, and by the demonstration of a 
monoaminergic tubero-infundibular system, which topographically corresponds exactly 
to the course of the tractus tubcro-hypophyseus. It may be possible that regions rich 
in monoamine fluorescence, other than the nucleus infundibulans, such as the regio 
suprachiasmatica and the nucleus dorsomedialis, contribute to this tubero-infundibular 
system 
In the region of the nucleus infundibulans, the normal glial structure of the 
tuber cinereum is replaced for the greater part by ependymal fibers and fiber pituicyte-
like cells In this tubero-infundibular region, which lacks both membrana hmitans 
gliae externa and interna, ependymal fibers arise from the ventricular lining and ter-
minate, after traversing the nucleus infundibulans, in the outer zone of this region 
As the outer zone here is covered by an extension of the mantle plexus, an ependymal 
link between the cerebrospinal fluid and the hypophysial portal system is present in 
man For a more extensive résumé cf the structural aspects of the tubero-infundibular 
region the reader is referred to chapter I F (Results) 
In the nucleus infundibulans of the newborn, three types of nerve cells occur. 
Each type has a preferential location within the cell group With increasing age the 
three celj types show a differential change in MNV During the first 10 years of life 
only a restricted number of mature nerve cells is found in the nucleus infundibulans, 
located mainly in the infundibulum In the parainfundibular and lateropostenor 
parts of the cell group, containing the two smaller types in the newborn, an increase 
in MNV, in cell size and in Nissl substance is observed after about 10 years of age, 
suggestive of a delayed maturation of the neurons in these parts These changes are 
most clearly seen in the parainfurdibular part of the nucleus infundibulans After 
about 50 years of age, the cells of the lateropostenor part of the nucleus infundibu-
lans show signs of further maturation and owing to this they resemble, both m 
regard to the appearance and MNV, those of the other parts of the cell group More-
over, m all three parts the MNV was significantly increased After this age there is 
still a significant positive rank correlation between MNV and age in the parainfundi-
bular part of the nucleus infundibulans 
Disc/uaoii The data were discussed with regard to the regulation of sexual 
function and changes m this function in man and mammals The structural plan of 
the tubero-infundibular region in man provides the morphological substratum, on the 
one hand for a link between cerebrospinal fluid and hypophysial portal circulation, 
and on the other hand for an hypophysiotrophic and monoaminergic tubero-infundi-
bular system with the nucleus infundibulans as the final neural link in the neurovas-
cular connection with the adenohypophysis In this system, the nucleus infundibulans 
seems to be the site of production of hypophysiotrophins, of which the release is 
probably regulated by monoaminergic tubero-infundibular neurons It is assumed that 
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the described changes in cellular activity of the nucleus infundibularis after about 10 
and 50 years of age represent signs of an activation of hypophysiotrophic neurons in 
puberty and menopause in consequence of a decreased sensitivity of the hypothalamus 
to gonadal steroid feedback. 
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Samenvatting 
Inleiding Uit de dierexperimenten van Szenlägothai e a (1968) blijkt dat 
de neurale controle van de adenohypofyse uiteindelijk uitgeoefend wordt door een 
hypofysiotroop gebied in de ventrale hypothalamus Dit gebied, dat grotendeels be 
staat uit de nucleus infundibularis, produceert hypofysiotrope neurohormonen die 
via een neurovasculaire verbinding de adenohypofyse bereiken De afgifte van deze 
neurohormonen aan het hypofysaire portale bloed lijkt te worden gereguleerd door 
een monoaminerg tubero-mfundibulair systeem Verscheidene recente onderzoekingen 
duiden erop dat, naast dit neuro\asculaire mechanisme, een ependymale verbinding 
tussen de liquor cerebrospinalis en het hypofysaire portale systeem een functionele 
betekenis heeft voor de regulatie van de adenohypofyse In de hypothalamus van de 
mens is de nucleus infundibularis zeer waarschijnlijk eveneens de exponent van het 
hypofysiotrope gebied, met name wat betreft de gonadale regulatie (Sheehan en Ko-
vdes, 1966, Biench, 1971, Sheehan, 1971, Hommes, 1972) 
Eigen onderzoek In deze studie van de hypothalamus van de mens werd onder-
zocht [d] de structuur van het tubero infundibulaire gebied in het bijzonder met be-
trekking tot de nucleus infundibularis, de neurale verbindingen tussen hypothalamus 
en mfundibulum, en de ependymale schakel tussen de liquor cerebrospinalis en het 
hypofysaire portale systeem, [ è ] de morfomctrisch waarneembare veranderingen als 
graadmeter van cellulaire activiteit van de nucleus infundibularis op leeftijden waarop 
aanzienlijke veranderingen in seksuele functie optreden zoals puberteit en menopauze 
Hiertoe werd het gemiddeld kernvolume (MNV) van 50 celkernen in elk van drie 
verschillende delen van de celgroep berekend bij verschillende leeftijdsgroepen 
Bevindingen Vooreerst werden de topografische relaties van de nucleus infun-
dibularis beschreven Deze kern ligt direct boven de aanhechting van de hypofyse aan 
de hypothalamus en breidt zich uit als een wigvormige groep cellen in het mfundi-
bulum rondom de hele recessus infundibuh 
In Bodian preparaten werd de morfologische basis aangetoond voor een tubero-
infundibulaire zenuwbaan De nucleus infundibularis lijkt de belangrijkste oorsprongs-
kern van de fijne zenuwvezels van deze baan, die tractus tubero hypophyseus ge-
noemd wordt Deze tractus gaat voornamelijk de posterieure en posterolaterale wanden 
van het mfundibulum binnen Daarentegen komen de dikke vezels van de tractus 
supraoptico hypophyseus vooral de antérieure en anterolaterale wanden binnen Het 
vermoeden dat het twee verschillende zenuwbanen betreft werd bevestigd door de 
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aanwezigheid van neurosecretoir materiaal uitsluitend in de vezels van de tractus su 
praoptico hypophyseus, en door de bevinding dat er een monoaminerg tubero-infundí 
bulair systeem bestaat, in ligging nauwkeurig overeenkomend met de tractus tubero 
hypophyseus Mogelijk dragen naast de nucleus infundibularis andere gebieden met 
veel monoamine fluorescentie, zoals de regio suprachiasmatica en de nucleus dorso-
medialis, bij tot dit tubero infundibulaire systeem 
In het gebied van de nucleus infundibularis is de normale gliale bouw van het 
tuber cinereum grotendeels vervangen door ependymale vezels en vezelpituicyt-ach-
tige cellen In deze tubero-infundibulaire streek, waar membrana hmitans gliae exter-
na en interna beide ontbreken, ontspringen ependjmale vezels aan de ventrikelwand 
en eindigen in de buitenzone van dit gebied na doorkruising van de nucleus infundi-
bularis Deze buitenzone is bedekt met een uitloper van de mantelplexus Uit deze 
waarnemingen blijkt dat er bij de mens een ependymale verbinding tussen de liquor 
cerebrospinalis en het hypofysaire portale systeem aanwezig is Voor een uitgebreider 
overzicht van de structurele aspecten van het tubero-infundibulaire gebied wordt ver-
wezen naar hoofdstuk I F (Results) 
In de nucleus infundibularis van de pasgeborene komen drie zenuwceltypen voor 
Elk type heeft een bepaalde voorkeursligging in de celgroep Met toenemende leeftijd 
treden er veranderingen in MNV op, welke voor de drie celtypen een verschillend 
verloop hebben Gedurende de eerste 10 levensjaren wordt slechts een beperkt aantal 
rijpe zenuwcellen gevonden in de nucleus infundibularis, voornamelijk in het mfundi-
bulum In het paramfundibulaire en lateroposteneure deel van de kern, waar de 
twee kleinere celtypen gelegen zijn bij de pasgeborene, treedt een toename in MNV, 
in celgrootte en in Nissl substantie op na omstreeks het 10e levensjaar, hetgeen wijst 
op een verlate rijping van de neuronen in deze delen Deze veranderingen zijn het 
meest duidelijk in het parainfundibulaire deel van de nucleus infundibularis Na on 
geveer het 50e levensjaar vertonen de cellen van het lateroposteneure deel tekenen 
van verdere rijping en hierdoor veel overeenkomst, zowel wat betreft uiterlijk als 
MNV, met die van de andere delen van de nucleus infundibularis Daarnaast bleek 
het MNV van alle drie delen te zijn gestegen Na deze leeftijd was nog een signifi-
carte positieve rangcorrelatie tussen MNV en leeftijd aantoonbaar in het parainfundi-
bulaire deel ал de celgroep 
Disansie De gegevens werden besproken in verband met de regulatie van de 
seksuele functie en veranderingen hierin bij mens en zoogdier Het tubero-mfundibu-
laire gebied bevat bij de mens het morfologisch substraat enerzijds voor een schakel 
tussen liquor cerebrospinalis en hypofysaire portale circulatie, en anderzijds voor een 
hypofysiotroop en monoaminerg tubero infundibulair systeem waarin de nucleus infun­
dibularis als laatste neurale schakel fungeert in de neurovasculaire verbinding met de 
adenohypofyse In dit systeem lijkt de nucleus infundibularis verantwoordelijk voor 
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de productie van hypofysiotropmes, waarvan de afgifte vermoedelijk gereguleerd 
wordt door monoaminerge tubero-mfundibulaire neuronen Verondersteld wordt dat 
de beschreven veranderingen in cellulaire activiteit van de nucleus infundibularis, die 
optreden na omstreeks het 10e en 50e levensjaar, morfologische aspecten zijn van 
een activering van hypofysiotrope neuronen tijdens de puberteit en de menopauze als 
een gevolg van een afgenomen gevoeligheid van de hypothalamus voor gonadale 
steroid feedback 
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Table IX. Specimens used for histologic and karyometric study, and values of MNV* 
in the three locations of the nucleus infundibularis and in the nucleus supraopticus. 
Males 
Specimen Age Bodyweight ——j-j —• —— NSO 
U S 2428 
2342 
2370 
1307 
1441 
2175 
1639 
1386 
725 
2474 
653 
1357 
2733 
596 
2646 
2962 
2540 
3252 
3318 
3236 
2591 
2504 
639 
3578 
3626 
560 
3611 
3380 
3509 
575 
0 days 
0 
0 
1 year(s) 
1.5 
4 
4 
5 
5 
9 
10 
11 
14 
15 
20 
21 
23 
26 
27 
28 
29 
34 
45 
52 
57 
63 
78 
80 
80 
85 
4.7 kg 
3.4 
2.5 
10.5 
9.3 
13.8 
18 
34 
19 
55 
63 
90 
52 
60 
66 
73 
54 
80 
66 
70 
73 
82 
90.3 
104.1 
119.5 
119.4 
151.1 
124.0 
138.3 
99.5 
143.2 
121.9 
130.8 
95.2 
139.7 
120.1 
98.4 
132.4 
171.3 
118.4 
144.3 
164.0 
173.2 
142.5 
199.2 
61.2 
75.1 
71.8 
87.0 
86.2 
97.4 
114.6 
114.4 
82.7 
74.0 
103.0 
134.4 
111.1 
123.5 
162.2 
125.7 
117.5 
95.8 
164.2 
215.6 
112.2 
146.0 
90.7 
157.3 
194.2 
214.1 
223.6 
173.8 
63.0 
69.7 
65.2 
74.5 
66.1 
72.6 
70.6 
79.5 
77.8 
95.2 
74.3 
91.1 
119.9 
88.0 
102.6 
155.0 
132.6 
95.6 
81.3 
175.2 
172.5 
102.3 
151.8 
121.1 
158.6 
181.1 
129.2 
199.7 
120.4 
132.5 
183.3 
133.7 
148.5 
277.5 
249.2 
340.0 
247.9 
281.1 
467.3 
311.7 
402.4 
373.6 
274.5 
309.3 
262.1 
354.4 
305.7 
267.0 
346.4 
284.3 
363.9 
336.3 
347.5 
316.4 
333.2 
332.3 
218.6 
309.6 
329.7 
* See note p. 20 
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Specimen Diagnosis 
US 2428 
2342 
2370 
1307 
1441 
2175 
1639 
1386 
725 
2474 
653 
1357 
2733 
596 
2646 
2962 
2540 
3252 
3318 
3236 
2591 
2504 
639 
3578 
3626 
560 
3611 
3380 
3509 
575 
Macrosomatia - Subdural hemorrhage 
Anoxemia 
Prematuri ty - Respiratory distress syndrome 
Leukemia 
Septicemia 
Septicemia 
Medulloblastoma - Bronchopneumonia 
Leukemia 
Epilepsy - Bronchopneumonia 
Meningitis - Septicemia 
Astrocytoma 
Congenital renal disease - Bronchopneumonia 
Cerebral contusion 
Polyarterit is nodosa - Bronchopneumonia 
Cerebral contusion - Bronchopneumonia 
Cerebral contusion 
Crush syndrome - Bronchopneumonia 
Pyelonephrit is - Septicemia 
Renal failure 
Trauma - Peritonitis - Bronchopneumonia 
Myocardial infarction 
Granuloma gangraenescens - Renal failure 
Parkinsonism . Bronchopneumonia 
Cerebral hemorrhage 
Aneurysm - Cerebral hemorrhage 
Bronchogenic carcinoma 
Chondrosarcoma - Transection of spinal cord - Bronchopneumonia 
Cerebral atherosclerosis - Cerebral hemorrhage 
Cerebral contusion 
Carcinoma of prostate 
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Females 
NI 
Specimen Age Bodyweight —7-j-j τ-; ¡ -ρ— NSO 
US 2113 
2390 
2582 
1494 
1245 
1117 
1692 
1226 
1858 
526 
444 
1821 
1675 
2143 
1106 
1822 
737 
2805 
3197 
2186 
2629 
1888 
3192 
3327 
1275 
3490 
3440 
3685 
603 
3313 
3484 
0 day(s) 
0 
1 
1 month(s) 
11 
1 year(s) 
1 
45 
5 
5 
55 
6 
6 
8 
11 
14 
16 
16 
16 
17 
24 
26 
26 
26 
31 
53 
57 
58 
81 
81 
90 
1 5 kg 
26 
49 
28 
02 
10 
192 
23 
145 
20 
24 5 
42 
48 
44 
70 
50 
50 
57 
61 
36 
129 0 
1215 
104 3 
129 2 
136 3 
138 9 
141 9 
129 9 
100 6 
48 8 
1136 
132 9 
102 6 
106 5 
130 4 
125 5 
130 8 
131 4 
189 5 
157 3 
137 6 
179 3 
1717 
1619 
82 5 
86 5 
95 3 
74 4 
102 2 
89 2 
80 4 
1110 
1151 
93 2 
85 7 
75 2 
61 1 
97 2 
146 3 
111 8 
125 5 
137 3 
1195 
98 0 
167 1 
170 7 
1180 
155 7 
173 6 
152 7 
216 7 
177 6 
182 2 
69 1 
76 8 
81 8 
71 1 
68 1 
78 9 
74 0 
69 0 
82 4 
95 2 
710 
75 2 
54 4 
53 9 
77 4 
83 4 
963 
109 0 
88 1 
106 3 
107 9 
90 2 
1155 
100 2 
105 0 
125 9 
148 0 
109 8 
160 0 
146 2 
179 1 
222 5 
198 5 
276 1 
208 9 
287 4 
358 1 
204 0 
242 5 
332 5 
347 5 
348 8 
263 4 
283 6 
240 9 
294 9 
293 0 
248 9 
437 8 
243 1 
365 8 
3105 
241 4 
259 4 
2519 
330 4 
306 6 
414 7 
294 7 
319 3 
268 6 
241 8 
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Specimen Diagnosis 
US 2113 
2390 
2582 
1494 
1245 
1117 
1692 
1226 
1858 
526 
444 
1821 
1675 
2143 
1106 
1822 
737 
2805 
3197 
2186 
2629 
1888 
3192 
3327 
1275 
3490 
3440 
3685 
603 
3313 
3484 
Toxemia of pregnancy - Prematuri ty 
Prematuri ty - anoxemia 
Macrosomatia - Hematogenic shock 
Prematuri ty - Cardiac anomaly 
Bronchopneumonia 
Cerebral edema - Bronchopneumonia 
Gastroenterit is - Bronchopneumonia 
Leukemia 
Cardiac anomalv - Interstitial pneumonia 
Renal failure 
Bronchopneumonia 
Leukemia 
Leukemia 
Cerebral laceration 
Encephalitis - Bronchopneumonia 
Thallotoxicosis 
Strangulation 
Cardiac anomaly 
Adrenocortical insufficiency 
Bronchopneumonia 
Leukemia 
Leukemia 
Cardiac anomaly - Bronchopneumonia 
Encephalitis - Bronchopneumonia 
Sarcoma uteri - Peritonitis 
Huntington s chorea - Pulmonary embolism 
Encephalomalacia - Pulmonary embolism 
Kyphosis - Pleuritis 
Myocardial infarction - Cerebral embolism 
Atherosclerosis - Emphysema 
Sarcoidosis - Bronchopneumonia 
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Table X Specimens used for the histochemical demonstration of monoamines 
Specimen 
US 3939 
3904* 
3936 
3963 
3946* 
3942 
4326* 
3958* 
3894 
4103* 
ICa** 
3914 
3956 
3976 
3912 
Age 
0 days 
1 5 years 
4 
7 
28 
29 
39 
48 
52 
53 
53 
65 
65 
66 
71 
Sex 
M 
M 
F 
M 
M 
F 
F 
M 
F 
M 
F 
M 
F 
M 
M 
Autopsy 
delay 
38 hours 
5 
34 
7 
8 
48 
12 
15 
8 
7 
31 
48 
21 
17 
24 
Diagnosis 
Anencephalia 
Renal failure - Cardiac arrhythmia 
Subdural hematoma 
Hydrocephalus - Suffocation -
Bronchopneumonia 
Leukemia 
Transection of the spinal cord -
Bronchopneumonia 
Lobar pneumonia 
Cardiac anomaly - Cerebral embolism 
Tetanus 
Pulmonary embolism - Bronchopneu-
monia 
Parkinsonism - Cardiac arrhythmia 
Bronchogenic carcinoma 
Atherosclerosis - Cerebral t h r cmbons 
Cerebral hemorrhage 
Jakob-Creutzfeldt disease - Broncho-
pneumonia 
4136 72 12 Carcinomatosis peritonei - Myocardial 
infarction 
3977 79 48 Atherosclerosis - Cardiac arrest 
* Hypothalami containing much formaldehyde-induced fluorescence In US 3946, the 
dissected part did not include the nucleus dorsomedialis and regio suprachias-
matica 
** Patient treated with L-dopa 
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Table XI Abbreviations 
AL 
AM 
AP 
CHO 
CM 
DM 
FSH 
FSH-RF 
EL 
EPI 
F 
FIF 
GH 
GH RF 
I 
L 
LH 
L H R F 
LP 
LT 
M 
MA 
MNV 
MSH 
MSH-RF 
N1 
NSM 
Ρ 
PI 
P-IF 
PPI 
anterolateral part of NI 
anteromedial part of NI 
area periventriculans posterior 
chiasma opticum 
corpus mamillare 
nucleus dorsomedialis 
follicle-stimulating hormone 
FSH-releasmg factor 
eminentia lateralis 
emmentia postinfundibulans 
fornix 
formaldehyde-induced fluorescence 
growth hormone 
GH-releasing factor 
infundibulum 
lateral 
luteinizmg-hormone 
LH-releasing factor 
lateroposterior part of NI 
lamina terminalis 
medial 
monoamines 
mean nuclear volume 
melanocyte-stimulating hormone 
MSH-reltasmg factor 
nucleus infundibulans 
neurosecretory material 
prolactin 
pars infundibulans adenohypophyseos 
P-inhibiting factor 
pars parainfundibulans tubens 
PMT 
PV 
RI 
RM 
RSO 
SO 
SOH 
TL 
TM 
TO 
TSH 
TSH-RF 
VM 
III V 
mie 
mil 
mp 
pm 
si 
spi 
sv 
tz 
ze 
21 
ζ η ν 
posteromedial tuberai nucleus 
nucleus paraventriculans 
recessus infundibuli 
recessus mamillans 
recessus supraOpticus 
nucleus supraopticus 
- ace pars accessoria 
- dl pars dorsolateralis 
- dm pars dorsomedialis 
- vm pars ventromediahs 
tractus supraoptico-hypophyseus 
nuclei tubens laterales 
nucleus tuberomamillans 
tractus opticus 
thyroid-stimulating hormone 
TSH-releasing factor 
nucleus ventromediahs 
third ventricle 
membrana limitans gliae externa 
membrana limitans gliae interna 
mantle plexus 
pia mater connective tissue layer 
sulcus infundibulans 
sulcus postinfundibulans 
special vessel 
transitional outer zone 
zona externa 
zona interna 
zona neurovasculosa 



S T E L L I N G E N 
I 
Hamartomata in het basale deel van de hypothalamus kunnen op zeer jeugdige leeftijd 
aanleiding geven tot pubertas praecox Deze hamartomata ontstaan uit een persiste­
rende embryonale structuur (matrix) in de bodem van de derde ventrikel 
II 
Het bij de geboorte aanwezig zijn van een grootceMig areaal in het infundibulaire deel 
van de nucleus infundibulans duidt op een prenatale hypothalame regulatie van de 
adenohypofyse 
III 
Bij de differentiatie van adenohypofysaire en hypothalame vormen van hypogonadisme 
kan de bepaling van de LH-releasing-factor-activiteit in de liquor cerebrospinalis uit­
sluitsel geven 
J R BIERICH 
J Neuro-Viscer Rel, Suppl X, 615-626 (1971) 
IV 
Er is een lymfestroom in het centrale zenuwstelsel van zoogdieren 
M FoLDI, В CSILLIK en О Г ZOLTaN 
Expenentia 24, 1283-1287 (1968) 
V 
Bij immunosuppressieve therapie na transplantaties dient men verdacht te zijn op het 
optreden van primaire tumoren in het centrale zenuwstelsel uitgaande van het reticulo-
endotheliale systeem 
S A SCHNECK 
Immunological Disorders of the Nervous System 
pp 293-303 Baltimore (1971) 

VI 
Vanuit therapeutisch standpunt dient multiple sclerose als een immuun-pathologisch 
proces van het centrale zenuwstelsel beschouwd te worden. 
VII 
Klinische neuro-endocrinologie is een onderdeel van de neurologie. 
VIII 
Het verrichten van wetenschappelijk onderzoek door de medische student is van groot 
belang voor zijn vorming tot arts. 
IX 
Z.W.O. is een voortreffelijke instelling. 
J. A. M. de Rooij 
27 oktober 1972 



